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1. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 1 

a. Page- 2, Chapter Review Exercises, question 2: Change "metalworkino" 
to "fabrication." Question 3: Change "SSISO" to "42730." 

b. Page 18, Chapter Review Exercises, answer 3: Change to read "42 Aircraft 
Systems Maintenance career field; XX7 Fabrication career field siobdivision; XXX3 
skill level (apprentice); XXXXO machinist career ladder." 

c. Page 28, question 7: In the stem of the question, change "AFSC 53130" 
to "AFSC 42730" and change "AFSC 53150" to "AFSC 42750." 

d. The following questions are no longer scored anc need not be answered: 
Ir 2, 3r 4, 5 and 32. 

2. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 2 

a. Page 23, question 17: In the stem of the question, delete "hexagonal." 

b. Pages 31 and 32 of the workbook were printed in reverse. Page 31 should 
be 32 and page 32 should be 31. The questions are numbered correctly. 

c. Question 86 is no longer scored and need not be answered* 

3. CHANGE FOR THE VOLUME WORKBOOK: VOLUME 3 

The following qiaestions are no longer scored and veed not be answered: 
14 and 43. 



NOTE: Change the currency date on all volumes to "March 1981." 
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THE OBJECTIVE of this course is to provide the knowledge that you need in 
order to progress to the apprentice machinist skill level. The emphasis will be 
cn broadening you»' technical knowledge and preparing you to perform the 
duties of an apprentice machinist. 

Note the chapter titles on the contents page for Volume 1. Chapter 1 covers 
general machine shop information; Chapter 2, metals and heat treatment; Chapter 
3, preparatory shop work; and Chapter 4, introductory machine and bench work. 
Now, leaf quickly through the pages of each chapter and note the numbered 
headings; this will help you to understand the scope of this volume; you will note 
that it covers nearly all the basic mach^^ist knowledges except those that pertain to 
the more complex machine tools and machining operations. 

Code numbers appearing on the figures and charts are for preparing agency 
identification only. 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TSOC), Chanute AFB IL 61868. 

If you have questions on course enrollment Oi administration, or on any of 
ECFs instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exeicise, and Course Exami- 
nation), consult your education officer, tkaining officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECL Gunter AFB, AL 36114, 
preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at 24 hours (8 points). 

Material in this volume is technically accurate, adequate, and current as of 
March 1971. 



Hi 



Contents 



Page 



Preface Hi 

Chapter 

1 General Machine Shop Information 1 

2 Metals and Heat Treatment 19 

3 Preparatory Shop Wopk 30 

4 Introductory Machine and Bench Work 67 

Bibliography 91 



V 



V 



CHAPTER 1 



General Machine Shop Information 



/^NE OF the great needs of the Air Force today 
is for well-trained technicians. Opportunities 
are almost unlimited for workmen who are skillful 
with their hands and who are trained to think 
about their work, to diagnose troubles, and to sug- 
gest improvements. And, of course, no one can 
hope for success in any Ihe of work unless he is 
willing to study and improve his skills. 

2. Most of the skilled machinists and machine 
shop technicians in the Air Force are the products 
of Air Force apprentice training programs. This is 
your opportunity to lay the groundwork to become 
a highly qualified craftsman and to get started on a 
fine career. The rewards for the skilled machinist 
can be very gratifying, both in advancement and in 
pride of workmanship. 

3. This volume is designed to give you the 
background information you i.^ed to know to get 
started in machine shop work. It covers general 
machine shop information, metals and heat treat- 
ment, preparatory shop work, and introductory 
machine and bench work. 

1. The Metalworking Career Field 

1-1. Everyone in tlie Air Force, regardless of 
his rank or grade, has a job to do. You are proba- 
bly wondering what you wiU be doing throughout 
the remainder of your enlistment. It is only natural 
that you are concerned about what the future 
holds for you in your career field. The Air Force 
has a great need for skilled airmen in hundreds of 
different jobs. Your job assignment depends upon 
Air Force needs and on your ability to learn and 
do certain kinds of work. 

1-2. Air Force Career Field System. The Air 
Force has a system for grouping related jobs mto 
common work areas or career fields. Each job 
grouping or career field requires the same general 
qualifications and the same sort of ability to learn 
and perform related jobs. The Airman Classi ,ca- 
tion Structure Charts 39-lA and 39--1B are Air 
Force visual aid charts (AFVA) which show all 
career fields and their number designations These 
charts also show the skill levels and the eqnivalent 



grade spread for each job specialty. You can 
usually find one of these charts posted in the shop 
area where you work. As a result of your back- 
ground and the job classification interviews and 
the tests which you took in basic training, you 
were assigned to the metalworking career field. 

1-3. The metalworking career field includes 
fabricating, shaping, cutting, and joining metals 
and repairing metal parts; aircraft structural re- 
pair; and metal heat treating, welding, plating, and 
machining. The installation, modification, and for- 
mation of plastic articles are also a part of this ca- 
reer field. It also includes corrosion control for 
missile, aircraft, and support systems. Nondestruc- 
tive inspection of metal parts, components, and 
pressurized systems are also included in this field. 
Career fields are divided into ladders, as shown in 
chait 1. The metalworking career field is divided 
into six ladders: Machinist, Metals Processing, 
Sheet Metal Repair, Airframe Repair, Corrosion 
Control, and Nondestructive Inspection. Each ca- 
reer ladder is divided into job specialties; for ex- 
ample, the machine shop ladder is divided into 
technician and machinist specialties. The appren- 
tice machinist is a part of the machinist specialty. 

1-4. Air Force Specialty. An Air Force Spe- 
cialty (AFS) is identified by title and code. A 
five-digit code number is used to make up an Air 
Force Specialty Code (AFSC) which identifies an 
AFS. The first two digits identify the career field. 
The third digit, when other than 0, identifies the 
career field ladder. The fourth digit shows the skill 
level. The fifth digit, in combination with the other 
four, identifies the specific AFS. Since you are in 
traLiing to become an apprentice machinist, let's 
show the breakdovm of the apprentice machinist 
AFSC 53130. The breakdown of this AFSC is as 
follows: 

53 Career field Metalworking 
1 Subdivision or ladder Machinist 
3 Skill level Semiskilled 
0 Specific AFS General Machinist 

53130 Complete AFSC of Apprentice Machinist 
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'--^ ^MK'> '\c n*v: .^\.^rking <\\]oci field chart 
shown in chort 1 Start at the bottom of the chart. 
You will note that, as a basic airman, you had the 
AFSC 99000. ^his was your AFSC during basic 
training because you had not yet beer assigned to 
a career field. Upon completion of basic training, 
)ou were assigned to the metaiworking career field 
as a helper and awarded the AFSC of 53010. This 
AFSC meant that you were qualified to enter into 
training in any of the ladders in the career field. 
You could have received your training by taking 
the basic machinist course at Chanute Air Force 
Base, Illinois. However, you were given a direct 
duty assignment of AFSC 53130 and you entered 
on-the-job training to become an apprentice ma- 
chinist. 

1-6. When you have satisfactorily completed 
your training you will be awarded the primary 
AFSC 53130, apprentice machinist. Your primary 
AFSC is the specialty in wliich you are most 
highly qualified. Your duty AFSC is the AFSC to 
which you are assigned. During training your duty 
AFSC is normally one skill level higher than your 
primary AFSC. For example, your primary AFSC 
is 53010, but since you are in training, your duty 
AFSC is 53130. By studying the chart you will 
note that there are five skill levels in each ladder 
of the metaiworking career field. You will also 
note, in the far left column of the chart, the grade 
spread for each skill level. The top level, or metal- 
working superintendent AFSC 53690, can be an 
input from any of the ladders. You progress up the 
ladder from one skill level to the next, usually, 
through on-the-job training. We will discuss this in 
*he following section. 

1-7. AFM 39-1, Airman Classification Man- 
ual. Air Force Manual 39-1 contains the au- 
thorized Air Force Specialties and Air Force Spe- 
cialty Codes. Th^se AFSs and AFSCs are used in 
the classification of airmen positions and person- 
nel. AP^s provide job standards for procurement, 
training, education, utilization, and development 
of airmen. AFSCs give us a systematic means for 
identify mg training and position requirements. 

1-8. Air Force Specialty descriptions are com- 
posed of the following parts: 

a. Heading. The heading consists of the spe- 
cialty coL'e, specialty title, and effective date. 

/>- Summary. The summary is a concise state- 
ment of the content of the AFSC. 

c. Duties and responsibilities. This part de- 
scribes the scope of the job specialty in terms of 
duties and responsibilities. 

d. Qualifications. This pait gives the job quali- 
fication standards for adequate performance in the 
AFS. Standards are either mandatory or desirable. 
They are stated in five parts: knowledge, educa- 



er|c 



tion, experience, training, and other— such as 
physical requirements, security clearance, certifi- 
cation, etc. 

e. Specialty data. This part establishes the 
grade spread for the AFS. The grade spread is 
used for authorizing manning positions. This also 
designates jobs closely related to the AFS — for use 
in your initial selection or in your return to civilian 
life. 

/. Specialty shredouts. This part designates au- 
thorized shredouts to be used with the AFS and 
the letter s'-Jfix identifier for use with the AFSC. It 
also give*; me portion of the specialty to which it is 
related. 

1-9. Specialty Descriptions (AFSC 53130/50/ 
70/ 690), Air Force Specialty descriptions in AFM 
39-1 describe the duties and responsibilities of the 
job specialty. You should be especially interested 
in the duties of your AFSC and in those of other 
specialties in your career ladder. We will not at- 
tempt to cover all the duties and responsibilities of 
each At^SC in your career ladder. You can read 
the complete descriptions in AFM 39-1. There- 
fore we will discuss only the major duties and re- 
sponsibilities of each AFSC in your ladder. 

1-10. Machinist (AFSC 53130/50). The spe- 
cialty summary for a machinist states that he "op- 
erates metaiworking machines in fabrication, re- 
work, and repair of metal parts." You will note 
that this specialty description serves both AFSC 
53130 and AFSC 53150, since both the 3- and 5- 
skill-lcvel machinist perform essentially the same 
duties. The 5-skill-level machinist has more knowl- 
edge of his work and is more skillful than is the 
3-level machinist. Also, the 5-level machinist has 
some duties in advanced machine shop work and 
supervision and training that the 3-level machinist 
does not have. The major duties and responsibili- 
ties of the machinist are as follows: 

a. Manufactures and reworks machined parts. 

b. Assembles and fits and machines parts. 

c. Maintains hand and machine tools. 

d. Supervises machine shop personnel. (At this 
time you are not concerned with this area of work. 
It will be discussed in CDC 53150.) 

1-11. Machine shop technician (AFSC 53170). 
The specialty summary of the machine shop 
technician states that he "designs and machines 
precision tools, parts, and assemblies; inspects ma- 
chine work; and supervises machine shop activi- 
ties." The major duties and responsibilities of the 
machine shop technician are as follows: 

a, Troubleshoots difficult metal machining, de- 
sign, and production problems. 
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h. Inspects in-progress and completed machine 
work for quality of workmanship and serviceabil- 
ity. 

c. Instructs in metals machining techniques and 
in maintenance of machinery and equipment. 

1-12. Metalmnkin^ superintendent (AFSC 
53690). The specialty summary of the metalwork- 
ing ^upcrintende^It states that he "superintends ac- 
tivities engaged in testing, fabricating, repairing, 
and machining metals and metal products; corro- 
sion control in missile, aircraft, and support system 
equipment; and nondestructive inspection of aero- 
space material parts, components, and pressurized 
systems " The major duties and responsibilities of 
the metalworking superintendent are as follows: 

a. Plans and organizes metalworking activities. 

b. Directs metalworking activities. 

r. Establishes and conducts on-the-job training 
for metalworking personnel. 

d. Inspects and evaluates metalworking activi- 
ties. 

e. Perform > technical metalworking activities. 

1- 13. CoorJinating with Other Shops. A field 
maintenance oiganization is made up of people 
working in various career fields. The machine 
shop and the other metalworking shops are usually 
housed in the same building or central area. This 
arrangement permits close coordination of work 
with other maintenance activities. Since a large 
part of all machine shop work is in support of 
other maintenance activities, the machine shop 
musi coordinate its work with other maintenance 
shops. As an example, an engine mechanic may 
have a broken stud which you are required to re- 
move. The hydraulic or instrument mechanic may 
need a special tool or a part which you are re- 
quired to make. Materials and supplies have to be 
obtained through the supply section. Close coordi- 
nation and cooperation between maintenance ac- 
tivities are needed if you are to get the job done 

2. On-the-Job Training 

2- 1. What is on-the job training (OJT), what is 
its purpose, and how does it work? Since the Air 
Force has to train thousands of airmen in various 
career fields and AFSs, it is neither practical nor 
economical to send all airmen to formal training 
schools for their 3-skill-level AFSC. In many spe- 
cialties the Air Force can benefit from the work 
the students do while they are learning. When they 
attenJ a formal training school, some productive 
maintenance work is lost while they are in train- 
ing. Both formal schooling and OJT have certain 
advantages, depending upon the type of job. 

2-2. Dual Channel Concept of OJT. The dual 
channel concept of OJl consists of two parti: ca- 



ERLC 



reer development and job proficiency develop- 
ment. The first part consists of studying a career 
development course (CDC). By studying the CDC 
the trainee learns the information he needs if he is 
to do the various duties and tasks of his AFSC. In 
the second part he develops his skill by using 
equipment and by doing the jobs required in his 
AFSC. He does both parts at the same time He 
must satisfactorily complete both parts before he is 
to be upgraded to the AFSC for which he is train- 
ing. 

2-3. Career development. CDCs are corre- 
spondence courses based upon the specialty job 
description in AFM 39-1 and the related specialty 
training stanaard (STS). They include general Air 
Force subjects, specialty theory, and fundamentals 
and knowledge requirements for the airman's ca- 
reer progression in the AFSC of his assignmeiit. 
The subject matter content of CDCs is prepared 
by Air Training Command. The CDCs are. pub- 
lished and administered by the Extension Course 
Institute (FCI) under the direction of the Air 
University. 

2-4. Job proficiency development. Job profi- 
ciency guides (JPGs) are a means by which air- 
men can attain proficiency by performing casks of 
their specific assignment. This training uses the 
principle of 'learning by doing," under the guid- 
ance of a qualified person. A JPG is used to de- 
velop each trainee's job proficiency and is required 
for training in his job. The JPG identifies specific 
tasks or duties to be performed and the degree of 
skill to be attained. The JPG indicates a supervi- 
sor's acknowledgment of a student's satisfactory 
achievement of required tasks and duties. It also 
contains necessary study reference materials. Spe- 
cialty training standards (STS) are readily ad- 
justed for use as JPGs. When STSs are used they 
should be so identified. A separate contmuation 
sheet is prepared, if required. Supervisors must 
certify job proficiency as a prerequisite for Tjpgrad- 
ing actions. 

2-5. Use of CDCs for Upgrade Training. Air 

Force Regulation 50-26 makes it mandatory for 
you to enroll in this CDC for upgrade training in 
your AFSC. Your supervisor will see that your 
training is conducted in accordance with regula- 
tions and that proper procedures are followed. It is 
up to you to make the most of your training. No 
matter how good the training program is, only you 
can do the learning and develop your skills. Only 
you can satisfactorily pass the course tests icquired 
for upgrading and only you ?an satisfactorily pass 
the skill knowledge test (SKT) required for pro- 
motion. 

2-6. You will be continually enrolled in OJT 
throughout your career progression. As you satis- 
factorily complete your training in one AFSC of 
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your career ladder you will be eligible for enroll- 
ment in the next higher AFSC. Study the career 
progression chart shown in chart 2. This chart 
shows you how you progress for one skill level to 
th next in your career ladder Start at the bottom 
of the chart and read upward. The arrows indicate 
your career progression from the time you enlisted 
until you reach the top skill level of your career 
ladder. 

2- 7. Consolidated Training Record (AF nn 
623). It is the responsibility of the shop super- 
visor to insure that an AF Form 623 is maintained 
for each airman in his shop. This form is a contin- 
uous record of all the career training you have re- 
ceived, including formal training, career develop- 
ment, and job proficiency training. The AF Form 
623 is a four-page folder and is maintained in the 
shop. The JPG, which includes the STS, continua- 
tion sheet, and the management guide, is inserted 
in the folder. The proper maintenance of his AF 
Form 623 is also a concern of each airman in the 
shop, since it shows an up-to date, complete rec- 
ord of his training. The AF Form 623 accompa- 
nies your field record group if you are reassigned. 
Consult AFM 50-23, Guide for Planning and Con- 
ducting OJTy for detailed guidance on maintaining 
AF Form 623. 

3. Technical Publications 

3- 1. What are technical publications? What are 
technical orders? Aie they the same thing? We 
must start at the beginning in order to get a few 
points clear before we can progress further on this 
subject. When a person buys a new appliance, a 
new car, or even a small mechanical device, a little 
folder of operating and maintenance instructions is 
usually furnished by the manufacturer. These in- 
structions are supplied so that the user may obtain 
the greatest possible satisfaction from his equip- 
ment. In the same way the .-^ir Force is interested 
in seeing that its equipment functions properly and 
is maintained as efficiently as possible. Therefore 
the Air Force provides printed instructions for use 
with its equipment. These printed instructions 
(manuals, handbooks, sheets, charts, etc.), which 
provide technical instinctions and information per- 
taining to the operation and maintenance of Air 
Force aircraft and equipment, are referred to as 
technical publications. 

3-2. Standard Publications. Standard publi- 
cations are authorized for issue by the Chief of 
Staff, USAF, or by Air ForCw commanders. We 
will explain briefly the types that you will most 
probably use in the shop. 

a. Regulations announce policies, assign re- 
sponsibilities, and direct actions. Regulations are 
permanent d^*^ jctives. 



b. Manuals contain permanent and detailed in- 
structions, procedures, and techniques telling per- 
sonnel how to do their jobs. A manual may also be 
general and deal with principles. 

c. Pamphlets contain information rather than 
directive material. 

d. Supplements are auxiliary publications by 
v^hich a commander insures efficient local compli- 
ance with directives issued by higher headquarters. 

Consult AFR 5-5, Publications, PoHcies, Respon- 
sibii..ies, and Standards, for more detailed infor- 
ma:.on aboui standard publications. 

3-3, Technical Orders. Technical orders (TOs) 
are official Air Force publications which provide 
technical info^^mation, instructions, and safety pro- 
cedures pertaining to the operation, maintenance, 
and modification of Air Force equipment and ma- 
terials. A brief explanation of the \anous types 
will help you to understand the purpose, scope, 
ano application of the technical order system. 

a. Technical manual (TM). A TM contains in- 
structions pertaining to the operation, mainte- 
nance, servicing, overhaul, installation, and inspec- 
tion of specific items of equipment and materials. 

b. Methods and procedures technical order 
(MPTO). An MPTO establishes policies and pro- 
vides information and instructions on safe methods 
and procedures relating to such subjects as preven- 
tive maintenance, periodic inspection, and product 
improvement. There are two types of MPTOs: 
one deals with maintenance management or ad- 
ministration, the other with equipment in general. 

c. Time compliance technical order (TCTO). 
A TCTO contains instructions for modifying 
equipment, for making special inspections, or for 
imposing temporary flight restrictions. 

d. Index type technical order. The index type 
shows the status of all TOs, provides a means for 
selecting needed TOs, and groups TOs pertaining 
to specific items of equipment. 

e. Abbreviated technical order. The abbrevi- 
ated technical order is primarily a work simplifica- 
tion device, such as a checklist, inspection work- 
card, lubrication chart, or sequence chart. 

3-4. r 'es. Finding the information in a techni- 
cal ord:r thit you need depends upon your ability 
to locate th( proper technical order file and to use 
technical order indexes. There are hundreds of 
technical orders and somewhere in them you can 
find almosc any information relative to a machinist 
job. You will T»ot find all of these technical orders 
in your sh\' :*ile — this would not be practical. 
Your shop has a limited file. It contains those 
technical orders that are n^osi frequently used by 
the people in your shop — they are the technical 
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orders that explain how to do common mainte- 
nance tasks assigned to your shop. It is the respon- 
sibility cf the shop foreman to procure the techni- 
cal orders that are needed in the file. Suppose that 
your shop has a repair job for a transient aircraft 
jet engine component. You will probably not have 
a technical order in your file which explains how 
to do this job. You may be able to locate it in the 
jet engine repair shop. You may not be able to 
find it there, either, since this file is also a limited 
file. You may have to go to the field maintenance 
squadron file or even to the wing technical order 
file to find the technical order that you need. 

3-5. Indexes. Locating the file which contains 
the technical order you need is one thing— deter- 
mining which technical order you need is another. 
The secret of being able to determine which tech- 
nical order you need is knowing how to use techni- 
cal order indexes. You may find the information 
you need in a general, aircraft, specific aircraft, or 
an equipment technical order, or you may have to 
consult more than one type to find the desired in- 
formation. Technical orders cover such a wide 
range of information that a single index w^uld be 
impractical. Therefore, several indexes are re- 
quired; there is even an index of indexes. Withoui 
a little advance knowledge, you can get lost in the 
indexes! Let's use some examples to determine 
which technical order you need. Assume that at 
various timts you need to find information on the 
following subjects: 

a. The Air Force technical order system. 

b. Light-drive fits of aircraft bolts. 

c. Metal surface activation procedure, B-52G. 

d. Care and maintenance of cold chisels. 

3-6. Your first task is to find the technical 
order which explains the Air Force technical order 
systems. This is a general technical order. Where 
do you start*^ You c^*^ ays start with the first 
numbered technical i. '^x — ^Technical Order 
0-1-01, Index Oj " /he -01 contains a list 

of indexes in nuiA^jrical sequence, including 
0-1-01 itself. Going down the list of indexes, yo"i 
quickly come to Technical Order 0-1-02, Dasic 
Only— General Technical Orders. Tliis is the tech- 
nical of^er that you need. The -02 contains a list 
of ge .ral technical orders in numerical sequence. 
Going down the list, you find Technical Order 
00 -5-1, Air Force Technical Order System. TO 
00-5-1 IS the technical order you need. Other ex- 
amples of general technical orders listed in the -02 
are the 00-20 series (maintenance management 
system), the 00-25 series (miscellaneous technical 
orders), and the 00-35 series (administrative 
technical orders). 

3-7. Your second task is to find a technical 
order on light-drive fits of aircraft bolts. Obviously 



this is a general aircraft technical order and the 
technical order index for general technical orders 
will not help you, so you go back to the index of 
indexes — TO 0-1-01. Going down the list of in- 
dexes you come to Technical Order 0-1-1-1, 
Basic Only — General Aircraft and Missile Techni- 
cal Orders. You are on the right track. Consult the 
table of contents of Technical Order 0-1-1-1. It 
is divided into four parts: 

Part I, Published and Unpublished i ^chnical 
Orders. 

Part II, Aircraft to Engine Table. 
FcTt III, Pilot's and Flight Crew Member's In- 
formation File. 

Part IV, New Publications Listing. 

Part I is the part you want. The listing in Part I, 
however, is divided into two sections: 

Section 1, General Aircraft Technical C^'ers. 

Section 2, Microfilm Indexes. 

Section I of Part I is the section you want. Section 
I is broken down into technical order series: 

1-1, General Aircraft Technical Orders. 

1-1 A, General Engineering Manuals. 

1-lB, Weight and Balance Technical Orders. 

1- ^ J, Airflight Refueling Technical Orders. 

3-8. You can narrow your search to two series: 
1-1 and 1-1 A. There is really no clue that the 
1-1 series is not the one you want. When you go 
down the list of technical order titles, though, you 
do not find one that is appropriate. So you go 
down the list of the 1-1 A series titles and you find 
Technical Order 1-1 A-8, Engineering Handbook 
Series for Aircraft Repair — Aircraft Structural 
Hardware. Consulting the lable of contents for this 
technical order you find that Section III coders 
aircraft bolia. You have come to the end of your 
search; Section III, Technical Order 1-1 A-8, ex- 
plains how to obtain a light-drive fit on bolts. 

3-9. Your third task is to find a technical order 
which will give you the procedure for activating 
metal surfaces on the B-52G. This will be ? spe- 
cific aircraft technical order. Again, the place to 
start is the Index of Indexes, Technical Order 
0-1-01. Since you know that the B-52G is a 
bomber aircraft, locate the title, Basic Only — 
Bomber Aircraft Technical Orders, in the -01. 
The technical order number is 0-1-1-2. Consult- 
ing this index, you find that the technical order for 
structural repair instructions (B52G & B52H) is 
1B-52G-3. Consulting the table of contents, you 
find that this technical order is divided into nine 
sections. The section titles enable you to limit your 
search to not more than two sections: I, General, 
and II, Typical Repairs. The information you need 
can be found in Section I. 



3- 10. Your fourth task is to find a technical 
order on the care and maintenance of cold chisels. 
This will be an equipment technical order. Again, 
you start with Technical Order 0-1-01. Go down 
the list until you find 0-1-32, Standard and Spe- 
cial Tools. Now, consult this index and you find 
Technical Order 32-1-101, Maintenance and 
Care of Handtools. It is a simple matter to find the 
section of the technical order which explains the 
care and maintenance of cold chisels. 

4. Supply Discipline 

4- 1. The Air Force does not own property. The 
equipment issued to the machine shop and the 
toolbox issued to you are not owned by the Air 
Force. They are public property, controlled by the 
Air Force. The subject of supply is concerned with 
property accountability and responsibility and with 
the USAF Supply System. 

4-2. Property Accountability and Responsi- 
bility. Accountability in the Air Force is the 
obligation imposed by regulation on a person to 
keep an accurate record of property or funds. Re- 
sponsibility is concerned primarily with custody, 
care, and safekeeping. For example, the machine 
shop may have a numbered stock records account 
listing the tools and equipment used in the shop. 
The shop foreman may be required to sign for this 
-i ^ount. He would then be obligated to maintain a 
lecord of this account. In this instance he is ac- 
countable for tools and equipment; he is also re- 
sponsible, though not solely responsible, for care 
and safekeeping. Every user of a tool or item of 
equipment must pay for or make good the loss, de- 
struction, or damage caused to that item by his 
neglect in its use. Suppose that some person, other 
than the shop forero-^n, signed the account. The 
foreman would then not be accountable for the 
tools and equipment, but, ns the supervisor of the 
shop, he would share in the responsibility, along 
with his people, for the use, care, custody, or safe- 
guarding of the property. According to AFR 
67-10, Responsibility for Public Property in Pos- 
session of the Air Force, "pecuniary liability may 
be shared in any particular case by persons having 
command, supervisory, and custodial responsibil- 
ity." 

4-3. Federal Supply Classification System. Th. 

USAF is a complex organization, and it uses a 
complex supply system. The mission of a machine 
shop is to do maintenance. To carry out its mis- 
sion, it must be supplied with a great variety of 
equipment: lathes, milling machines, hammers, 
and paper clips, to name a few representative 
items. Some of these items are nonexpendable, 
some are expendable. Maintenance has become so 
complex in the Air Force that it is necessary to 
separate the management from the production 
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Figure 1 Federal classification. 

functions. These two functions have also been sep- 
arated in the USAF Supply System. The equip- 
ment management office (EMO) carries out the 
management functions, and base supply does the 
production functions. Both EMO and base supply 
are under the Chief of Supply. Another source that 
can assist you with supply problems is the Material 
Control Section of the maintenance organization. 
In an efficient machine shop most of your time 
should be devoted to maintenance and training, 
but knowing how to use stocklists and catalogs, 
however, is also important. 

4-4. All branches of the Department of Defense 
use the Federal Supply Classification System. This 
system contains four, sometimes five, features: 

• Supply classification — identification of sup- 
ply items by group. 

• Class identification — achieved by means of a 
four-digi. code number. 

• Item name — standardized nomenclature for 
an item. 

• Item description — clear, concise description 
of an item. 

• Item illustration — graphic representation of 
an item if necessary. 

4-5. Stock number. To use a USAF stocklist 
you need to understand Federal stock numbers 
(FSN). At present, there are 76 Federal Supply 
Class (FSC) groups which are divided into ap- 
proximately 564 classes. A four-digit code number 
is used to identify the group and class. For exam- 
ple, in FSC code 5130, the first two digits (51) 
identify the FSC group (handtools) and the last 
two digits (30) identify the FSC class (handtools, 
power driven). Figure 1 shows a Federal stock 
number for an item of supply. A stock number 
normally consists of 11 digits: a four-digit classifi- 
cation code number, plus a seven-digit Federal 
item identification number (FIIN). As explained 
in figure 1, the item identification number, 
2412778, identifies a specific item in class 30 of 
group 5 1 of Federal supply items. 
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4-6. Stocklists. Stocklists are compiled and 
published on the basis of groups or classes in indi- 
vidual volumes which are arranged in numerical 
sequence in the stocklist file. Thus SL 5130 is the 
volume which contains information on items in 
code 5130. Normally stocklists contain an identifi- 
cation section, a stock control data section, a refer- 
ence data section, and cross-reference data and in- 
dexes, if applicable. 

4-7. The preface to each stocklist no longer 
contains general data that applies to all groups or 
classes. This data is foimd in Volume S-1; this 
volume should be used, therefo»-e, in conjunction 
with individual storklists. 

4-8. In brief, the sections of a stocklist include: 

a. Identification. The identification section o an 
alphabetical listing of all ite nL in a numbered 
stocklist. 

b. Stock Control Data. In the stock control data 
section, items in the numbered stocklist are listed 
numerically, as shown in figure 2 You w^M use 
this section frequently, in cooperation with supply 
personnel, to locate the information you need to 



fill out requisition forms and turn-in slips. We will 
explain the columns that you will use: 

Column 1, Change. This column indicates a 
new or revised item in the stocklist. Refer to the 
preface for an explanation. 

Column 2, Stock Number. This column lists all 
items in FSN sequence. 

Column 3, Index Number. In this column the 
locator number for each item indicates where the 
item may be found in the item identification sec- 
tion. An index number beginning with a numeral 
indicates that the item description is found in Part 
1 of the identification section, while an index num- 
ber beginning with an alphabetical character indi- 
cates that the item description is foimd in Part 2. 

Column 8, Status. An alphabetical code in this 
column designates status of items with regard to 
procurement and issue An explanation of the 
codes is found in USAF S-1. 

Column 9, Expendability, repair, and cost 
codes. These codes determine the expendability of 
the items. The Air Force uses 10 codes; each is 
fully explained in USAF S~l. 
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Column 10, Unit of Issue. An entry in this col- 
umn indicates the unit of issue: each (ea), pound 
(lb), carton (ct), gross (gr), etc. S-1 gives a 
complete list of two-position abbreviations. 

Column 12, Source of Category. Codes in this 
column show the source of supply or the category 
of the item. In requisitioning an item, the correct 
source or category code, together with the correct 
issue and fund control code, must be used. 

c. Reference Data. This section is found in 
some stocklists. It contains drawings or illustra- 
tions of the items. Illustrations may be typical, 
rather than exact, representations; they are suffi- 
ciently accurate to enable you to identify the item. 

d. Index. Two indexes normally appear in 
stocklists: manufacturers' name and address index 
and manufacturers' Federal code index. The first 
is an alphabetical listing of manufacturers' names 
cross-referenced to the manufacturers' Federal 
code numbers; the second is a listing of Federal 
code numbers cross-referenced to the manufactur- 
ers' names. 

4-9. Supply classification indexes. The number 
of items covered by the Federal Supply Classifica- 
tion System sources is so vast that it is necessary to 
have indexes to assist the user. 

a. Cataloging Handbook H2-1. This handbook 
giv^s the classification structure (groups and 
classes) of the FSC arranged by four-digit codes. 

h. Numeric Index (Cataloging Handbook 
H2'-2). This index is arranged numerically by 
groups and classes and contains within each class 
an alphabetical listing of entries included in the 
class. 

c. Alphabetical Index (Cataloging Handbook 
H2-3). This index is an alphabetical listing of the 
entries in the numeric index. Each entry is refer- 
enced to a single four-digit FSC code number. 
You use this book and class if you have some idea 
of the correct name for an item. 

d. Cross-reference indexes. These indexes assist 
in locating hems of supply in stocklists. S-00-l~l 
and S-00-1-2, both titled USAF Cross-Reference 
Index, cross reference manufacturers' identifying 
part nimibers to manufacturers' codes and Federal 
stock numbers. The first lists them in manufactur- 
ers' part number sequence, and the second lists 
them in Federal stock number sequence. 

e. USAF S-2A-1 index. This index lists USAF 
stocklists. Department of Defense Federal catalogs 
and related cataloging publications. 

4-10. DeppuHnent of Defense (DOD) Federal 
S>ippl> Catalogs. DOD Federal supply catalogs 
will eventually replace USAF stocklists when a 
standard supply system for all military services be- 
comes a reality. DOD Federal supply catalogs will 



be used whenever possible to requisition supplies. 
DOD Federal supply catalogs are indexed in 
S-24--1 by FSC classes. An example is FSC 5120, 
Handtools, Federal Catalog C5120-1L--AF and 
C5120--ML-AF. 

a. The identification list (IL) consists of an al- 
phabetical index. Federal stock number index, 
manufacturers' index, information table, and illus- 
trations. It is used when a Federal stock number is 
known, when descriptive data or dimensions are 
required, or when the name of the item is known 
and the Federal stock number is required. 

b. The management data list (MDL) is ar- 
ranged in stock number sequence and contains 
such information as the item status, source cate- 
gory, aiid price. 

4-11. How would you use DOD Federal supply 
catalogs to find information about an item? We 
will explain three different methods of research. 

4-12. Research by name. Suppose you need to 
find the stock number for a 16-ounce tinner's hand 
riveting hammer. First, the group class must be de- 
termined by using the alphabetical index (H2-3) 
and looking under the listing "Hammers, Hand." 
You will find "Hammers, Hand" in class 5120. 
This wiU give you the first four digits of the stock 
number. Next, use the alphabetical listing in DOD 
Federal Supply Catalog C5120-1I^AF to find 
"Hammers, Hand Riveting." Heie you will find 
the nomenclature and identifying numbers to com- 
plete the stock number. In this case, the stock 
number is 5120-224-4113 and the complete no- 
menclature is Hammer, Hand: Tinner's Riveting, 
Style 6, Section A, Ref DWG Group 84, FED 
GGG-H-86, Type IX, Class 1. You will also no- 
tice in the item description that style nimiber 6, 
section A, and reference group 84 are mentioned. 
To be sure you have the right hammer you should 
look in the front of the catalog and find section A 
and the illustration of group 84 and style 6. To 
find the unit of issue, source category, and cost, 
look in the ML section. Stock numbers are listed 
numerically; and under the stock number 
5120-224-4113 you will find the item is local 
purchase (LP), unit of issue (ea), cost $1.80, and 
the source category General Services Administra- 
tion (GSA). 

4-13. Resecch by stock number. Suppose you 
have stock number 5120-224-4113 and wish to 
find the item description. By looking in the in- 
dex section of DOD Federal Supply Catalog 
C51 20-11^ AF, you will find the stock numbers 
listed numerically. In this case the index number 
for stock number 5120-224^113 is 100040^600. 
Using this index number, which is a locator num- 
ber for quick reference, turn to the item descrip- 
tion section of the catalog which is arranged by 
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numerical listing of the index number. Index num- 
ber 100040-600 will be followed by a description 
of the "Hammer, Hand Riveting." 

4-14. Research by part number. Suppose you 
need the stock number and item description for a 
piece uipment in the shop and the manufac- 
turer's identifying part number is known. Using 
Cross-Reference Index S->00-l-l, which lists part 
numbers numerically, locate the one you need. On 
the same line with this part number you will find 
the corresponding stock number. By using this 
stock number in the IL (or SL) index, you can 
find the corresponding index number. With this 
index number it is easy to find the item descrip- 
tion, since the index numbers are listed numeri- 
cally. When you research by part number, be sure 
the item description is for the right part or piece of 
equipment. 

4- 15. Supply Condition Tags. Supply condi- 
tion tags are used to identify the condition of 
equipment, machinery, and parts. The 50-series 
tags have been replaced by new fcrms. The AF 
Form 50b (Serviceable) has been replaced by the 
yellow DD Form 1574; the AF Form 50e (Un- 
serviceable, Condemned) tag is replaced by the 
red DD Form 1577; and the AF Form 50d (Un- 
serviceable, Repairable) tag is replaced by the 
green DD Form 1577-2. These forms are to be at- 
tached to the supply/equipment item at all times 
in order to identify and indicate the condition of 
the item, except when it is installed or in use and 
the tag cannot be used because of operation haz- 
ards. 

5. Communications Security (TRANSEC) 

5- 1. The degree to which you will be involved 
with security will depend on the mission of the 
base ♦ which you are assigned, the type of equip- 
ment 1 )r which the base is responsible, and the lo- 
cation of the base. You may be involved with se- 
curity quite often in your work or you may seldom 
be involved with it. Regardless of the degree of his 
involvement, every person in the Air Force, mili- 
tary or civilian, must be security conscious. The 
person who works with classified information only 
occasionally can be a potential source of danger, 
simply because he may be less aware of the impor- 
tance of safeguarding security information. 

5-2. Classified and Unclassified Information. 
The basic regulation which covers 3ecurity is AFR 
205-1, Safeguarding Classified Information, Qas- 
sified information is official information which 
must be safeguarded in the interest of national de- 
fense. Unclassified information is official info^^ma- 
tion which docs not require safeguarding but may 
be subject to control for other reasons. Some un- 
classified information requires control in the pub- 
lic interest and is thus labeled "For Official Use 
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Only." Defense information is classified according 
to its importance. The highest classification is 
given the greatest amount of protection. The three 
categories of classified information in the order of 
their importance are as follows: 

TOPSECREi (TS). 

SECRET (S). 

CONFIDENTIAL (C). 

Quoting from Section B, Chapter 1 of AFR 
205-1 : 

These categories are as follows: 

(1) The TOP SECRET classification applies only to 
tliat information or material the defense aspect of which 
is paramount, and the unauthorized disclosure of which 
could result in exceptionally grave damage to the nation. 

(2) The SECRET classification applies only to de- 
fense information or material the unauthorized disclosure 
of which could result in serious damage to the nation. 

(3) The CONFIDENTIAL classification applies only 
to defense information or material the unauthorized dis- 
closure of which could be prejudicial to the defense 
interest of the nation. 

5-3. Safeguvding Classified Information. Phys- 
ical measures are taken to safeguard classified 
material and equipment. The purpose of any secu- 
rity program is to keep unauthorized people from 
gaining access to classified material and equip- 
ment. The Air Force may use armed guards, sentry 
dogs, or fences to keep unauthorized people out of 
restricted areas. A combination of all the physical 
safeguards might have to be used in a highly re- 
r.tricted area. A nuclear weapons storage area is, 
for instance, an area where all the safeguards might 
be used. 

5-4. Banks use a safe or a vault for the storage 
of cash, bonds, and other valuable documents. 
Keeping classified documents locked in a safe 
when they are not in use is part of the Air Force's 
classified material control program. Even though 
the Air Force requires safes for the storage of clas- 
sified material, it must also take proper precau- 
tions in assigning persons to handle classified ma- 
terials. If you were assigkied to a storage area for 
classified materials, you would need a security 
clearance equal to the highest level of the classifi- 
cation of the material you would handle. If the 
storage area contained SECRET documents, you 
would need a security clearance of at least SE- 
CRET. 

5-5. A bank requires valuable documents to be 
registered and receipts to be signed whenever these 
documents are removed from a safe. In the Air 
Force, all TOP SECRET and SECRET docu- 
ments must be registered and receipts must be 
signed whenever they are removed from a safe. 
Besides having official duties that require a SE- 
CRET clearance, you must meet two other re- 




quirements before you can be issued this docu- 
ment. You must sign a receipt and you must hav^ 
a clearance of at least SECRET. A CONFIDEN- 
TIAL document may be issued without a signed 
receipt; however, a CONFIDENTIAL document 
must never be issued to an individual unless that 
person has a security clearance of at least CONFI- 
DENTIAL. 

5-6. 'transmission of Classified Information. 

For information to be useful in the conduct of offi- 
cial business, the information must pass from one 
person or place to another. Mail, telephone, radio 
and messenger are modes of communication. 
Other modes of communication are the telegraph, 
television and signals. We will discuss only trans- 
mission by mail, telephone, radio, and messenger. 
Each method has certain advantages and disad- 
vantages. Let's learn the uses, advantages, and dis- 
advantages of each of these methods. 

5-7. Mail. Within our country, mail is handled 
only by the United States Postal Service. Therefore 
it is given some protection. Registered mail re- 
quires special handling by the postal service. When 
the mailman brings you a registered letter, you 
must sign a recdpt. An advantage of using mail is 
that the information is given some protection. It is 
inexpensive, and registered mail must be "re- 
ceipted for." A disadvantage is that mail service is 
slow. Mail could get into the wrong hands, and 
only SECRET and below information can be sent 
by mail. 

5-8. Telephone. The telephone is a very con- 
venient mode of communication. Two advantages 
of using the telephone as a mode of communica- 
tion are convenience and speed. A disadvantage of 
using the telephone is that it is a very insecure 
mode of communication, since telephone conver- 
sations are easy to monitor (listen in on). The tel- 
ephone should not ^. used to send classified or 
sensitive information. 

5-9. Radio. The radio is a good e imple of 
wireless communication. In radio communications 
an antenna is used to send radio waves through the 
air. When SECRET codes and chiphers are used 
to encrypt (convert a plain-text message into unin- 
telligible form) classified information, radio is a 
secure mode of communication. At each Air Force 
base there are usually people who are trained to 
encrypt classified radio messages. Radio, like the 
telephone, has the advantages of convenience and 
speed. It is possible to send classified information 
safely by radio. The true meaning of a rr.dio mes- 
sage can be hidden by using SECRET codes ai^d 
ciphers to encrypt the message. Disadvantages of 
using the radio for communication are that persons 
have no way of knowing who is listening to their 
conversation, radio messages are easily monitored, 
and there could be times when thev would be una- 



ble to hear each other on the radio, and the equip- 
ment could break down. Radio communication is, 
therefore, sometimes undependable. 

5- 10. Messenger. Information sent by messen- 
ger is hand-carried from the sending office to the 
receiving office. The advantages of using messen- 
ger are that the material is secure, receipts are re- 
quired, and material usually is not subject to 
inspection. A disadvantage of using a messenger is 
that it is slow and expensive compared to other 
modes of communication. 

6. Shop and Flight Line Sofety 

6- 1. The number one cause of accidents is 
people! People who neglect, ignore, or deliber- 
ately violate safety rules that have been formed 
through other people's misfortunes over the years. 
Most all accidents are preventable if everyone 
would use common sense and be aware of poten- 
tial hazards. Safety is a full time job. It is some- 
thing that will affect you 24 hours of every day 
both on and off duty. 

6-2. Good Housekeeping. The first rule of 
good housekeeping is personal cleanliness. Much 
loss of time and pain can be avoided if you keep 
yourself and your work area clean and orderly. 
Floors should always be kept free of obstructions 
or liquid spillage. Obstructions can be raw stock, 
chips from a machining operation, or tools. Liquid 
spills should be wiped up as soon as possible. It 
seems to hurt twice as much to slip on someone 
else's oil spill! 

6-3. Some units that you disassemble have 
small parts that can be easily lost, broken, or 
mixed with other parts. To avoid loss of time while 
you hunt for another part, keep your bench top in 
neat and orderly condition. A cluttered bench 
makes effective work almost impossible and can 
cause accidents. Dispose of womout parts 
promptly. 

6-4. Every shop has a designated place for tool- 
boxes when they are not in use. Keep them in 
place and keep the lids closed. It does not require 
much time or effort to close the box after you get 
a tool. You may prevent someone from getting 
hurt. Most shops have a tool board for special 
tools; keep these tools on it. 

6-5. Good ventilation is one of the main factors 
conducive to good work, good health, and safety. 
Your work output will drop off if you are uncom- 
fortably hot or cold or if there is a lack of fresh 
air. If the air is dusty in the shop or if fumes are 
present, tell your supervisor so that the will be 
aware of the conditions and can correct them. 

6-6. Good lighting is another requirement for 
doing good work. Definite standards have been set 
up by the Air Force to provide correct lighting. 
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These standards should be followed since gooi 
lighting works hand in hand with good housekeep- 
ing to eliminate many safety hazards. 

6-7. Fire Prevention. Fire prevention cannot 
be overemphasized, since the Air Force loses mil- 
lions of dollars every year in accidental fires. Most 
or these fires are caused by carelessness in dispos- 
ing of combustible materials, such as oily rags and 
smoking materials. This is the main reason that 
smoking is not permitted within 50 feet of parked 
aircraft hangars, shops, or any building where 
flammable liquids are stored or being used. 

6-8. All combustible materials, including clean 
rr.gs, should be placed in covered metal containers. 
Soiled rags should go into a self-closing lid type 
metal container, and should not be mixed with any 
other type of waste. This is done to prevent spon- 
taneous combustion, which can occur at any time. 

6-9. All Air Force machine shops use paint and 
oil almost daily. These items should always be 
stored separately in metal lockers, at least 50 feet 
from the nearest building. All containers should be 
closed, to prevent spillage and waste. No smoking 
within 50 feet of this type of storage is permitted. 

6-10. Overloaded electrical outlets and defec- 
tive circuit breakers are also fire hazards. Here are 
a few precautions that you should observe; you 
can add to the list from your own experience. 

a. Observe the signs in the NO SMOKING 
areas. 

b. Do not allow your clothing to become satu- 
rated with fuel or oil. If they do, change your cloth- 
ing and wash [^ourself as soon as possible. 

r. Do not store gasoline, kerosene, jet fuel, or 
any other flammable liquids in open containers. 

d. Always make sure that the static lines are in 
place and that the aircraft is grounded properly 
before you work on it. 

e. Do not put cigarettes or matches in a waste 
basket even if they appear to be out. 

/. Do not open any oxygen valve near a flame 
or a lighted cigarette. 

6-11. If fires do occur, no matter how many 
precautions are taken, you must be ready to fight 
them quickly and effectively. You should know the 
telephone numbe * of the base fire department, the 
location of the fire extinguishers, and which type 
of extinguisher to use for the type of fire you are 
fighting. The telephone number of the base fire de- 
partment is usually posted in large figures on post- 
ers in the shop, in .he barracks, and on the flight 
line. As a rule, the base telephone directory has 
this number printed in large figures on the cover 
page or on one of the first pages of the book. If 
alarm boxes are installed on your base, learn 
where they are and how to use them. Fire extin- 
guishers look alike. Don't use the wrong type of 
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extinguisher as it can make the fire worse. Chart 3 
shows the types of fires that the various types of 
extinguishers can be used on. Every shop has at 
least two types of fire extinguishers, and it is a 
good idea to become familiar with their correct 
use. Water type fire extinguishers should never oc 
used for any other purpose than fighting fires. 

6-12. Protective Equipment. As a machinist 
you will be exposed to flying metal chips, sharp 
edges of tools and work, both moving and station- 
ary, and slippery surfaces caused by lubricants and 
coc' mts. The Air Force issues all necessary pro- 
tective safety devices, such as goggles, gloves, 
aprons, and boots. But i.' is up to you to use these 
devices. You will also be exposed to sound from 
jet engines and turbines. These sounds can eventu- 
ally make you deaf if you don't protect your ears. 
Because of your nigh exposure to cuts and 
scratches it is a good idea to keep your tetnus im- 
munication up to date. 

6-13. Eye protection must be worn when chips 
or particles are throwTi into the air by a machine 
tool. This includes grinding, shaping, milling, drill- 
ing, and lathe turning. Remember, you can chew 
with glass teeth, but you can't see with a glass eye. 

6-14. You will work around machines every 
day, both in the shop and out on the flight line. To 
prevent getting caught in the machines, don't wear 
the following items: loose fitting jackets, unbut- 
toned sleeves, ties, finger rings (including wedding 
rings), bracelets, necklaces (including dog tags), 
key chains, or wristwatches. These items can cause 
you to lose a finger, hand, or worse if they should 
get caught in a piece of machinery. 

6-15. Guards are placed over moving parts of 
machines to prevent your fingers and clothing 
from getting caught and pulling you into the ma- 
chine. A machine should not be run without the 
guards in place or in good condition. If you have 
ever ridden a bicycle without a chain guard >viiile 
you were wearing long trousers, you know how 
easy it is to get caught. 

6-16. Horse play and practical "jokes" have no 
place anywhere, let alone a machine shop. If you 
accidentally get shoved into a heavy, cast iron ma- 
chine during a friendly scuffle, it doesn't hurt the 
machine at all, but can be very painful to you. 

6-17. The power tools that you will use are ei- 
ther electrically or air driven. Each type has its 
own hazards. 

6-18. Electrical Hazards. Many people think 
that high voltage is the main cause of death in 
electrical shock. However, statistics show that over 
700 people die every year from an ordinary house 
voltage of 110 or 220 volts. Extension cords are a 
potential source of trouble. Usually they are not 
heavy enough to stand the abuse to which Ihey are 
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subjected Use an extension cord oiily if it is neces- 
sary. If a cord must be used to operate a piece of 
electrical ec^jipment, be sure that the cord is large 
enough to carr} the load. Oil or fuel spilled on the 
cord will cause rapid deterioiation of the rubber 
cover. Place the coid so thar it wil' not be stepped 
on or run over. The daryer from electricity in- 
creases gre^tl if you work in wet clothing or stand 
in a wet place. Serious bums can result from con- 
tract with high voltage in junction boxes or in loose 
gound wires. Before using any electrical tool, 
make sure that it is properly grounded. This will 
help prevent your getting a possible shock 
The cord from tool to plug should be in good con- 
dition, with no broken or frayed wires. 

6-19. Never attempt an electiical repair unless 
you are authorized to do it. If you are permitted to 
make the repair, make sure you know what you are 
doing before attempting a job on wiring to which 
power is applied. If possible, remove the power be- 
fore repairing a circuit. If you are not authorized to 
repair a circuit, shut off the power and notify the 
electrical repair section. If a fire should result from 
an electrical breakdown, use a chlorobronometh- 
ane (CBM) or carbon dioxide extinguisher to 
fight it. If the fire is in a close place, always us.; the 
carbon dioxide type, since CBM extinguishers emit 
very dangerous fumes. Before using an air-driven 
tool, be sure the pressure in the lines is within limits 
(don't exceed 150 PSI). This win prevent damage 
to the tool from overspeednig. The air hoses 
should be in good condition, to prevent rupture, 
because a ruptured air hose can whip around and 
injure you. 

6-20. Tools. If tools are not used properly, 
they can become a hazard. Statistics show that ap- 
proximately 10 percent of preventable injuiies 
were caused by defective or improperly used tools. 
We have included some pointers on the use of 
tools: 

a. Have a place for everything and keep every- 
thing in its place. The condition of your toolbix is 
a gooi indication of your mechanical ability. You 
should be able to find any of the tools you use 
most often without searching for them. 

b. Store tools safely. Sharp-edged tools should 
not be stored loosely in your toolbox or in your 
pocket. 

c. Keep tools in good condition. Chisels or 
punches should not have mushroomed heads. A 
dull cutting edge is dangerous on a chisel because 
you have to hit harder to do the same work. Ham- 
mer handles must be secured properiy to prevent 
the head from flying off. 

d. Keep tools clean. Oil prevents rust, but it 
also causes tools to become very slippery and a 
toolbox to become messy. Wipe excess oil from 
the tools. 



e. Use the correct tool. A wrench is not a ham- 
mer and a screwdriver is not a pry bar. 

/. Use tools properiy. Knives or other sharp 
tools should noi be pulled tc ward the body. Screw- 
drivers should not be applied to objects that are 
held in the hand. Never push a wrench when you 
can pull on it. When you push a wrench to loosen 
a nut, it may break loose unexpectedly and bruise 
or skin your knuckles. 

6-21. Flight Line. You do most of your work 
in the shop; however, it may be necessaiy for you 
to do some of your work on the flight line. Flight 
line safety, therefore, will affect your directly. We 
will discuss some of the hazards that are encoun- 
tered on the flight line. 

6-22. Jet engines. The temperature and velocity 
of the exhaust gases behind an operating jet engine 
are great enough to cause serious injury. The tem- 
perature of the exhaust gases 25 feet behind one of 
the smallest engines, the J-69, installed in the 
T-37 training aircraft, exceeds 350° F. The veloc- 
ity of the exhaust gases is aPothe»* hazard. As a 
general rule the minimum safe distance behind an 
operating engine is 200 feet; for the F-4 it is 250 
fe^^t. Blast fences help reduce the safe distance. A 
let engine uses a large volume of air. All of this air 
IS taken into the intake. The suction developed im- 
mediately in front of the engine is enough to pull 
caps, coats, or men into the engine. The minimum 
safe distance in front of the engine is 25 feet. Do 
not approach closer than 5 feet to the duct en- 
trances from the side or rear. All objects must be 
removed from the area in front of the ducts before 
the engine is started. Most bases use antipersonnel 
screens on the front of the intake. 

6-23. Turbine wheels. The area in line with the 
plane of rotation of the turbine wheel must be kept 
clear. If a wheel «:hould suddenly disintegrate when 
the engine is i aiming, the pieces can be thrown a 
long distance. Standing directly in line with a tur- 
bine wheel is like looking down the barrel of a 
loaded and cocked rifle. The same precautions 
apply to the turbine wheels of pneumatic or com- 
bustion (fuel-air) starters. They turn at a very 
high rate of speed and are extremely dangerous. 
The turbine wheel dangqr area of the later model 
jet engines and turboprop engines are much larger, 
since they use multistage turbine wheels. 

6-24. Propellers. Turboprop e^igines are used 
on some of the later model cargo aircraft, such as 
the C-130 The propeller is dangerous if proper 
p»"ecautions are not observed. Many persons have 
been seriously hurt or killed by propellers. 

6-25. Noise. The high-frequency sound created 
by the modern jet engine is a hazard to physical 
ano ^ental health. Prolonged exposure to noise 
can CuUse you to become completely deaf and can 
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build up nervous tension to the breaking point. 
The noise level of a 5,000-pound thnisi turbojet 
engine can cause pain. A larger turbojet with af- 
terburner can cause not only pain but physiologi- 
cal symptoms. A good example of very high noise 
level is the F-4 aircraft which uses the 15,000- 
pound thrust J-79 engine. The area at a tangent 
behind the aircraft is extremely dangerous. Where 
the two sides of the cone meet, the danger area ex- 
tends 1,600 feet in a traight line from the tail of 
the aircraft. 

Caution: Always wear earplugs or protective 
muffs when you are in the area of an operating en- 
gine. These protective devices are somewhat ai- 
comfortable to wear, but a hearing aid is uncom- 
fortable, too. Noise can be considered the most 
hazardous of all, because you don't have to be 
close to the aircraft to be affected by it. 

6-26. Other hazards. Other hazards can be en- 
countered on the flight line. Most hazards can be 
avoided by simply paying attention to what you 
are doing. Remember, most accidents are caused 
by carelessness. Here are a few other flight lire 
precautions: 

a. Keep work stands clean and in good repair. 

b. Install guard rails, especially on high stands. 

c. Install the safety pins on all hydraulically op- 
erated work stands before you use the stands. 

d. Keep tools in your box. A loose tool on a 
stand can cause a serious fall. 

e. Do not place toolboxes in a position where 
they can fall ar.d hurt someone. 

/. Be careful working around the trailing edges 
of the wing and control surfaces. These edges are 
sharp. The leading edge of the wing on some air- 
craft, s.ich as the T-38, is just as sharp. 

g. Do not work in the flap or spead brake area 
until you are sure that these controls cannot be op- 
erated. 

h. Be sure the aircraft static grounds are in- 
stalled and in good condition. 

/. Do not wear jewelry or a wristwatch while 
you are working. They can catch on sharp surfaces 
and seriously injure you. 

6-27. Radioactivity. Radioactivity is not nor- 
mally a health hazard in a machine shop. You may 
never be required to work near radioactive mate- 
rials, such as certain parts on newer jet engines or 
radioactive contaminated materials; however, ra- 
diation is such a serious health hazard that elabo- 
rate precautions are taken in the Air Force to 
guard against even accidental exposure. Since you 
cannot see radioactivity, several hours may elapse 
after exposure before you feel any effects; there- 
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fore you must be able to instantly recognize radia- 
tion warnings. 

6-28. Types of radiation. There are three types 
of radiation: alpha, beta, and gamma. A single 
particle of radioactive material may emit all three 
types of radiation. Alpha and beta radiation have 
very little penetrating power. Alpha radiation pen- 
etrates only a few inches of air and beta radiation 
penetrates only a few feet of air. External contact 
is not harn^ful. Alpha radiation is harmful only if 
you breathe, eat, or drink contaminated particles, 
or if they come in contact with a broken skin sur- 
face. Exposure to beta radiation is more hazardous 
than alpha radiation because of ' s greater pene- 
trating power. You can protect against beta radia- 
tion by wearing a respirator and protective cloth- 
ing. Gamma radiation penetrates many hundreds 
of feet of air; there is no barrier that can com- 
pletely stop its penetration. External contact is ex- 
tremely hazardous and can result in cell damage 
either externally or internally. The intensity of 
gamma radiation is expressed as roentgen hours 
(r/hr). The primary purpose of the various 
AFTO Form 9 warning signs is to guard against 
gamma radiation. 

6-29. Radiation signs. Figure 3 shows a radia- 
tion warning placard. All radiation signs display 
the distinctive three-bladcd magenta colored insig- 
nia against a yellow background with black block 
type. The warning signs are designed to attract im- 
mediate attention. Each sign is designed for a spe- 
cific purpose, and the exact size for most of them 
is specified by technical order. The AFTO 9 series 
forms are listed below: 

a. AFTO Form 9, Radiation Area Warning 
Placard (SVz x 11 inches). These placards are 
posted In conspicuous places. They indicate that 
the radiation intensity in the area exceeds one mil- 
liroentgen hour (mr/hr) but is less than 100 
mr/hr. 

b. AFTO Form 9A, Radiation Warning Tag 
(31/2 X 6V4 inches). This tag identifies radioactive 
parts, equipment, or material. It is attached to 
each item. 

c. AFTO Form 9B, Radiation Warning Label. 
This is a flexible but durable gummed label. A suf- 
ficient number of labels are attached to insure that 
one is visible from any direction of approach. 

d. AFTO Form 9C, Radioactive Material 
Warning Placard (SV2 x 11 inches), lliis placard 
identifies an area in which radioactive materials 
are stored. 

e. AFTO Form 9D, Ingestion Hazard Placard 
(81/2 X 11 inches). This placard warns against eat- 
ing, drinking, or smoking in the area. It is dis- 
played as directed by the base medical service. 

/. AFTO Form 9E, High Radiation Warning 
Placard (18 x 24 inches). This placard identifies 
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Figure 3. Radiation warning placard. 
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an area in which the raduulon intensity exceeds 
100 mr/hr. 

AFTO Form 9F. Airborne Radioactivity 
Warning Placard. The use of this placard is di- 
rected by the base medical service when radioac- 
tivity is present 

6-30. Prior to working near radioactive or ra- 
dioactive contaminated materials, machine shop 



peisonneK and in particular the shop foreman, 
should become familiar with the 00--1 10 technical 
order series. This series provides useful informa- 
tion about safety precautions, decontarr>ination 
procedures, and radioactive waste disposal. For 
more details about marking md identification of 
radioactive and radioactive contaminated mate- 
rials, consult TO OO-llON-3, Requisition, Han- 
dling. Storing, and Identijication of Radioactive 
and Radioactively Contaminated Material. 



CHAPTER 2 



Metals and Heat Treatment 



W^'^^ ^^^^^ "^^^^^ I select to machine a 
▼ y new gear? Should it be heat treated? Will 
the finished gear be hard enough for its intended 
use' - These are only a few of the questions that 
you will probably have in mind when you begin 
work on a project. To answer these and other 
questions, you must have a knowledge of metals, 
heat treatment, and hardness testing. Without this 
knowledge you will not be productive in your job. 

7. Classification of Metals 

7-1. All metals may be classified as ferrou<: or 
nonferrous. A ferrous metal is any metal that has 
iron as its main element. A meial is still considered 
ferrous, even though it contains less tb m 50 per- 
cent iron, as long as it contains more iron than any 
other metal. A metal is considered nonf3rrous if it 
contains less iron than any other metal. Keep this 
in mind as we discuss the first grouping, ferrous 
metals. 

7-2. Ferrous MetaJs. This group includes cast 
iron, steel, and the various steel alloys. The only 
difference between cast iron and steel is in the 
amount of carbon. Cast iron contains more than 2 
percent carbon, while steel contains less than 2 
percent. An alloy is a substance composed of two 
or more elements, one of which must be a metal. 
Therefore all steels are aiioys of iron and carbon 
but the term "alloy s< ;1" normally refers to a steel' 
that also contains one or more other elements. For 
example, if the main alloying element is tungsten 
the steel is a "tungsten steel" or a "tungsten alloy."' 
If there is no other alloying material, it is a "car- 
bon steel." 

7-3. Alloy steels have been developed to meet 
the needs of modem industry for tougher, 
stronger, and harder steels than can be obtained in 
simple carbon steels. Alloys such as nickel, chro- 
mium, tungsten, vanadium, manganese, and mo- 
lybdenum all give distinct properties to the steel; 
but in all cases the principal qualities are the in- 
crease in hardness and toughness. The general 
characteristic of various steels are listed. 



ERiC 



19 



7-4. Some common steels and their uses in- 
clude: 

a. Carbon steels are usually classified as low, 
medium, or high carbon steels. 

(1) Low rnrbon steels are generally used for 
parts which do not require much strength. 

(2) Medium carbon steels are often used for 
pans not intended for aircraft use. They are 
stronger than low carbon steels. 

(3) High carbon steels are used for springs and 
wear-resistant tools. High carbon steel can be 
made very hard by heat treatment. 

b. Nickel steels have better impact resistance at 
subzero temperatures than carbon steels and are 
harder and stronger. They can be hardened by 
heat treatment. 

c. Nickel-chromium steels are tough, strong, 
and hard and are used for aircraft and engine 
parts. They can be hardened by heat treatment 
Their strength and impact resistance are not af- 
fected by subzero temperatures when they are 
properly heat treated. 

d. Molybdenum steels are all hardenable h 
heat treatment. Plain molybdenum steel is used for 
aircraft structural parts. Molybdenum steels are 
often alloyed with chromium or nickel, or both. 
These alloys are used for aircraft engine and struc- 
tural parts. 

e. Chromium steels are used for parts requiring 
high strength, depth hardness, and corrosion-re- 
sistant properties. 

/. Chromium-vanadium steels are used for 
high-strength parts. They are not affected by sub- 
zero temperatures when they are properly heat 
treated. r r j 

g. Tungsten steels are used for ultrahigh-speed 
cutting tools and are very heat resistant. The cut- 
ting edge does not break down when red hot, so 
high cutting speeds are possible. 

h. Chromium-nickel-molybdenum steels are 
used for various aircraft structural parts. They are 
similar to the molybdenum steels. When properly 
heat treated, these steels are not affected by sub- 
zero temperatures. 
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I. Silicon-manganese steels are very tough and 
siiock resistant. They are often used for springs 
but are brittle mder impact at subzero tempera- 
tures. 

;. Silicon-chromium steels are spring steels but 
are not recommended for subzero use. 

k, "Tool steels" are steels sxiitable for the man- 
ufacture of cutting toch. Hi^h carbon, diill rod, 
tungsten, chromium- vanadium, and silicon-man- 
ganese steels all fall in this class. 

/. "Stainless steel" is really a trade name but is 
commonly used to refer to ay corrosion-resi^^tant 
alloy. Corrosion-resistant steel can be a nickel- 
chromium steel or a chromium steel. These steels 
are used where a high degree of corrosion and heat 
esistance is required. 

7-5. Nonferrous Metals. This group includes 
many metals that dVQ used mainly for metal plating 
or an alloying element, such as tin, zinc, and sil- 
ver. We are primarily concerned with the metals 
used for the manufacture of parts, such as alumi- 
num, magnesium, titanium, nickel, copper, inco- 
nel, and their alloys. 

a. Aluminum is very 'ight in weight, corrosion 
resistant, and an excelLi. conductor of both heat 
and electricity. Because of its light weight, it is one 
of the most important metals used by the aircraft 
industry. It is generally used in the form of an 
alloy, with copper, manganese, silicon, magne- 
sium, or zinc as the main alloyuig maierials. The 
term "aluminum" ised in reference to the var- 
ious alloys as well as to commercially pure alumi- 
num. Aluminum is used wherever weight reduc- 
tion is a factor and extreme hardness and strength 
are not critical. 

6. Magnesium is an extremely lightweight 
metal, weighing approximately two-thirds as much 
as aluminum. Because of its light weight, magne- 
sium is also an important aircraft construction ma- 
terial; however, it will corrode readily in a salt-air 
atmosphere unless protected with paint. 

Note: The machining of magnesium presents a 
fire b^^zard, because the fine chipo produced by 
machming may ignite and bii»^. intensely. Never 
use water soluble oil (water and oil solution) as a 
coolant or cutting lubricant for magnesium. Water 
intensifies a magnesium fire. Dry sand is the only 
safe extinguisher for burning majnesium. 

c. Titanium is a lightweight metal that has a 
good weight-to-strength ratio. It is percent 
lighter than stainless steel, yet it has about the 
same strength. It is also highly corrosion and tem- 
perature resistant. 

Note: Fine chips of titanium may also ignite; 
however, they do not ignite as easily as magne- 
sium. The cliips should be kept dry, because when 



titanium oxidizes with water, highly explosive hy- 
drogen gas is generated. 

d. Nickel is a metal that is highly corrosion re- 
sistant. Copper, chromium, iron, aluminum, and 
zinc are used with it to form various alloys. 

€. Copper is metal that is an excellent conduc- 
tor of both electricity and heat. The most common 
of the copper-base alloys are brass and bronze. 
The chief alloying element in brass is zinc; in 
bronze, it is tin. 

7- 6. Information on machining all of these met- 
als can be found in TO 1-1 A-9, Aerospace Metals. 

8. Identification and Selection of Metals 

8- 1. Metals may be identified by a numerical 
code or by a color code. When the specification 
number is not indicated, the machinist must select 
a suitable metal. 

8-2. Identification. After 3 days of hard, te- 
dious work on a complicated sheet metal punch 
part. Airman Menard took it to a metals process- 
ing shop to be heat treated. Much to his dismay, 
he was told that the material of which the part was 
ma'^e was not suitable for the heat treatment re- 
quired. "I don't understand," he said, "I took it 
from the correct metal rack." Airman Menard had 
learned the hard way the value of being able to 
property identify metal. Had he understood the 
numerical coding systems and the Air Force color 
code, his costly mistake could have been avoided. 

8-3. Numerical codes. The terms "steel" and 
"aluminum" are general in meaning. There are 
many different types of steel and aluminum. They 
vary greatly in their chemical composition and me- 
chanical properties. Every piece of metal is manu- 
factured to meet certain specifications. Since it is 
not possible to mark all of this data on each piece 
of metal, it is represented by a specification num- 
ber. The ideal situation is to have the specification 
number marked on each piece of metal in the 
metal rack. When this is not possible, each piece 
should be either tagged or color coded. 

8-4. Unfortunately there Is no single, unified 
numerical code for metals. Each manufacturer has 
his own code or specification number system; this 
is confusing, since there is no imiformity between 
manufacturers. In an attempt to correct this situa- 
tion, several agencies of the metals industry and 
the Federal Government have developed specifica- 
tion number systems. As a resist you may find any 
one of seven different speci^xation code numbers 
stamped on a piece of metai or written on an iden- 
tification tag. Five of the seven codes cover both 
ferrous and nonferrous metals. The Aluminum As- 
sociation code is restricted to aluminum. The 
American Iron and Steel Institute code is re- 
stricted to ferrous metals. 
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8-5. Perhaps the best known numerical code is 
the Society of Automotive Engineers fSAE) code. 
SAE specifications are rather broad and are not 
complete procurement specifications. The SAE 
numerical code is the basic code for ferrous met- 
als. It is especially useful in identifying steels by 
chemical composition. 

8-6. The SAE system is based on the use of 
four- or five-dight numbers. The first number indi- 
cates the type of steel; for example, 1 indicates a 
carbon steel, 2 indicates a nickci steel, etc. In the 
case of alloy steels, the second number— and 
sometimes the third— usually indicates the approx- 
imate percentage of the principal alloying element. 
This is usually the one for which the steel is 

named. The final two numbers — sometimes i^xee 

indicate the approximate carbon content in one- 
hundredth of 1 percent (0.01 percent). The SAE 



series numbers are given in chart 4. The fol- 
lowing examples will help you understand this sys- 
tem: 



SAE-1045 
Type of steel (carbon) 
Percent of alloy (none) 
Carbon content (0.45 percent carbon' 

SAE-2330 
-Type of steel (nickel) 
Percent of alloy (3 percent nickel) 
Carbon content (0.30 percent carbon) 

SAE^71650 
Type of steel (tungsten) 
Percent of alloy (16 percent tungsten) 
Carbon content (0.50 percent carbc :) 

SAE-SOlOO 
Type of steel (chromium) 
Percent of alloy (less than 1 percent 
chromium) 

100 Carbon co.iter: (1 percent carbon) 



1 

0 
45 

2 
3 
30 

7 

16 

50 

5 
0 



Chart 4 
SAE Numerical Code 
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TYPE OP' STEE^ 


OJ\JL INUMJDil^KO 


Carbon Steels 


IXXX 


Plain Carbon 




Free Cutting, Manganese 


A 1 j AA 


Free Cutting, Screw Stock 


1 1 AX 


High Manganese 


-I I J AA 


Nickel Steels 


2XXX 


. 50% Nickel 


20XX 


1. 50% Nickel 


21 XX 


3. 50% Nickel 


23XX 


5. 00% Nickel 


25XX 


Nickel-Chromium Steels 


3 XXX 


1. 25% Nickel : . 60% Chromium 


31XX 


1. 75% Nickel : 1. 00% Chromium 


32 XX 


3. 50% Nickel : 1. 50% Chromium 


33XX 


3. 00% Nickel : . 80% Chromium 


34XX 


Corrosion and Heat Resisting 


30XXX 


Molybdenum Steels 


4XXX 


Chromium- Molybdenum 


41 XX 


Chromium- Nickel-Molybdenum 


43XX 


Nickel Molybdenum 


46XX & 48XX 


Chromium Steels 


5 XXX 


. 60% to 1.10% Chromium 


51XX 


1.2% to 1. 5% Chromium 


52XXX 


Corrosion and Heat Resistant 


5 IXXX 


Chromium- Vanadium Steels 


6 XXX 


Tungsten Steels 


7XXXX & 7XXX 


Silicon- Manganese Steels 


9 XXX 



-1J4 
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Chart 5 
Aluminum Alloy Groups 
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MAJOR ALLOYING ELEMENT 



Aluminum at least 99% pure 



IXXX 



Copper 2XXX 



Manganese- 



3XXX 



Silicon— 4XXX 



Magnesium- 



— 5XXX 



Magnesium and Silicon- 



6XXX 



Zinc 7XXX 



Other Elements 8XXX 



Unused Series 9XXX 




8-7. The American Iron and Steel Institute nu- 
merical code (AISI) is essentially the same as the 
SAE code. For example, SAE-1030 and 
AISI-C1030 are carbon steels of identical chemi- 
cal composition. One difference between the two 
codes is that the prefix of an AISI number indi- 
cates the process used in the manufacture of the 
metal. The C in AISI-C1030 indicates that the 
steel is a basic open-hearth caroon ste^^^ 

8-8. The Aeronautics Division of the SAE 
Standards Committee has developed die Aeronau- 
tical Material Specifications (AMS) cod**. These 
specifications are complete procurement specifica- 
tions. The chemical composition of AMS metals 
arc coordinated as closely as possible with SAE 
general standards for similar metals. An example 
of an AMS number is AMS-5045B. 

8-9. The American Society for Testing Mate- 
rials numerical code (ASTM) has much in com- 
mon with the Aeronautical Materials Specifica- 
tions code. The ASTM specifications are also 
complete procurement specifications and ha /e 
many detailed requirements in addition to the 
chemical composition of the materials. 

8-10. The Federal specifications numerical 
code was developed to aid in the procurement of 
supplies used by the departments and independent 
agencies of the Federal Government. Federal spec- 
ifications are complete procurement specifications 
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and have many detailed requirements in addition 
to the chemical analysis of the material. 

8-11. The Department of Defense has devel- 
oped a numerical code which consists of two se- 
ries: (1) military specif'cations (MIL) and (2) 
joint Army-Navy specifications (AN). They can 
be used as procurement specifications and may 
have other detailed requirements in addition to 
those of chemical composition. 

8-12. The Aluminum Association numerical 
code (AA) was developed for aluminum and alu- 
minum alloy products. Specifications are very gen- 
eral in nature; they are not complete procurement 
specifications. 

8-13. The Aluminum Association identification 
system as shown in chart 5 consists of a four-digit 
number which indicates the type of alloy, control 
over impurities, and the specific alloy. The first 
number indicates the type of alloy. For example, 2 
is copper, 3 is manganese, 4 is silicon, etc. The 
second number indicates the control that has been 
used. The last two numbers usually indicate an as- 
signed composition. Thus, AA-2024 means: 

2 . Type of alloy (copper) 
0 Control of impurities (none used) 
24 . Exact composition (AA number 24) 

In the case of commercially pure aluminum, the 
1000 series, the last two digits of the identification 
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Chart 6 
Air Force Color Code 



t 




LETTER 


BLUE 




f 


GREEN 


2 


H 


OLIVE ORAB 


1 


0 


YEUOW 


4 


T 


ORANGE 


5 


W 


RED 


6 


A 


MAROON 


7 


B 


WHITE 


8 


C 


GRAY 


9 


D 


BLACK 


0 


S 
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number represent the amount of aluminum above 
99 percent in one-hundredth ri 1 percent. Thus, 
AA-1040 indicates a commercially pure alumi- 
num containing 99.40 percent aluminum. 

8-! 4. Aluminum alloys varying greatly in hard- 
ness and physical condition or characteristics are 
available. We call these differences "temper." Let- 
ter symbols represent the different tempers. The 
temper designation is separated from the basic 
four-digit identification number by a dash, for ex- 
ample, 2024-T6. In this case we have an alumi- 
num alloy, 2024, with a T6 temper (solution heat 
treated and then artifically aged). 

8-15, We have discussed seven different specifi- 
cation number systems. The Department of De- 
fense has developed a master code which ties all of 
these systems together. It is explained in Military 
Handbook HIB, Cross Index of Chemically 
Equivalei * Specijications and Identification Code 



(Ferrous and Nonferrous Alloys). The mastCi code 
groups materials of similar chemical composition 
which may be represented by one or more specifi- 
cations. The five-digit code numbers cover both 
ferrous and nonferrous alloys but are not specifi- 
cation numbers and cannot be used to procure ma- 
terials. This identification code is extremely valua- 
ble, because it is a reference for comparing the 
material composition of various specifications. 

8-16. Air Force color code. For ease in identi- 
fying metals in storage, the Air Force uses a color 
code system, which is described in TO 42D-1-3. 
The material designation numbers are represented 
by stripes of paint at each end and in the middle of 
the stock. The stripes are parallel and of equal 
width, Vz to inch wide, and placed side by side 
and in sequence. When read from either end of the 
bar toward the center, the material designation 
numbers are shown in proper order. A V4 inch or 
less space is left between stripes of the same color 
appearing side by side. In addition to the basic nu- 
merical code, the temper designation of aluminum 
alloys is represented by stripes. These stripes are 
located % to 1 inch from the alloy identification 
stripes. Ten colors are used to represent the var- 
ious numbers and letters as shown in chart 6. Fig- 
ure 4 shows the color coding of SAE-1045 steel, 
and figure 5 shows the color coding of 
AA-2025-T6 aluminum. Note that if read from 
either end toward the center, the numbers are in 
correct sequence. 

8-17. Selection. The type of metal to use in 
a repair job is usually specified by a technical 
order or blueprint, but often you will have to de- 
termine which type to use. You will have to con- 
sider the intended use and the properties of the 
metal. 

8-18. Internal reactions of a material to ext'^r- 
nal forces are known as the mechanical properties. 
These properties exist in a definite relationship to 





Figure 5. Color code for 2025-T6 aluminum. 



one another. You must have a knowledge of these 
properties to determine which metal to select. 

a. Hardness is the resistance a substance offers 
to deformation or penetration. The hardness of a 
metal can be controlled by heat treatment. 

b. Tensile strength is the resistance that a sub- 
stance offers to being pulled apart under a slowly 
applied load. This will increase or decrease as the 
hardness of a substance increases or decreases. It 
is usually stated in pounds per square inch of 
cross-sectional area. 

c. Brittleness is the tendency of a material to 
fracture or break with very little deformation, 
bending, or twisting. Brittleness is usually not a 
desirable mechanical property. Normally the har- 
der the material, the more brittle it is. 

d. Shear strength is the resistance to an action 
similar to that produced by a pair of scissors. A 
shear action is a force acting in a tangential man- 
ner which tends to cause the particles of a body to 
slid*; '.ver each other. The shear strength of steel is 
approximately 60 percent of the tensile strength 
and can also be controlled as tensile strength is; 
i.e., by varying the degree of hardness. 

e. Ductility is the ability of a substance to be 
elongated without breaking. Metals that are com- 
paratively soft are usually ductile. 

/. Toughness is the ability of a material to ab- 
sorb sudden shock without breaking. Usually the 
harder the material, the less tough it is, 

g. Wear resistance is the ability of a substance 
to resist cutting or abrasive action resulting from a 
sliding motion between two surfaces under pres- 
sure. A hard material will usually have good wear 
resistance. 

8-19. Suppose that you are required to make a 
part that will be subjected to wearing action and 
also to shock and impact. You should select a 
metal that can be case hardened to provide a good 
wearing surface and a tough inner core to readily 



absorb shock. It is always necessary to know the 
intended use of the part and the forces that will be 
acting on it. The Machinery's Handt)ook, or any 
other machinist handbook, is a good source of in- 
formation in metal selection. Such a source usually 
contains a list of various metals and their sug- 
gested uses and examples of typical tools and the 
metals recommended for their manufacture. Per- 
haps the metal suggested is not available, but at 
least, by consulting such a source, you will have an 
indication of ihe type of metal to use and you can 
then select a metal with similar characteristics 
from the metals on hand. Drill bushings, for exam- 
ple, are required to hold the rotating drills in ac- 
curate alinement and to maintain this accuracy 
while being subjected to wear caused by the drill 
flexing and moving off center. Drill bushing metal 
must be hard to prevent excessive wear and loss of 
accuracy, and so you should select a metal that 
can be made extremely hard by heat treatment, 
such as SAE 1095. 

8- 20. You will probably never have to decide 
what type of material to use to manufacture an air- 
craft part. This is an engineering decision, and 
normally the type of material to be used is speci- 
fied by a technical order, a microfilm, or a draw- 
ing or blueprint. Keep in mind that '*ixtensive re- 
search went into the selection of the many metals 
used for aircraft parts and that each part should be 
made out of the same material, or better, as the 
original. Use no substitute material unless you are 
specifically told to do so. If you are ever in doubt 
about the selection of a metal, talk to a more expe- 
rienced machinist or a machine shop technician. 

9. Heat Treatment 

9- 1. Why is it important for you to have a 
knowledge of the heat treatment of metals? Most 
of the metals you work with in a machine shop are 
heat treated or will require heat treatment after 
machining. Since heat treatment is so often neces- 
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Fii;ure 6. Electric furnace. 

sary to obtain the desired properties you need in 
metal parts, it is important for you to know about 
it. Heat treating is a mcials processing task, but 
the machinist must determine the need and must 
arrange for heat treating. Every new part must 
possess the same properties as the original part. To 
obtain these properties, heat treatment may be re- 
quired. In this section we will discuss heat-treating 
furnaces, heat-treating operations and their effects, 
and heat-treating requirements. 

9-2. Heat-Treating Furnaces. Heat-treating 
furnaces may be classified by the tyn*» of fuel used — 
electricity, gas, oil, or charcoal; by the condition 
of the internal air, either still or circulated; or by 
the type of atmosphere in the furnace — oxidizing, 
carburizing, or neutral. 

9-3. Electric furnace. Most furnaces used by 
the Air Force are of the still air, electrically heated 
type, as illustrated in figure 6. Electrically heated 
furnaces are used because they are clean, efficient, 
and automatic, and they require very little mainte- 
nance. They operate on the same principle as elec- 
tric toasters, electric irons, and electric stoves. An 
electric current is passed through a conductor hav- 
ing a high resistance, and heat is generated. An ac- 
curate temperature control and indicator called a 
pyrometer, shown in figure 7, is used to maintain 
constant temperatures. It is set to the desired tem- 
perature and indicates when that temperature has 
been reached. Then it turns the current off and on 
so that the temperature setting is accurately main- 
tained. 

9-4. Atmospheres. When steel is exposed to air, 
it "rusts,*' or oxidizes. In other words, the oxygen 
in the air reacts chemically with the surface of the 



metal. Heating the air in a heat-treating furnace 
accelerates this chemical reaction and causes the 
metal to scale. When the amount of scaling is not 
excessive, ordinary air (oxidizing atmosphere) 's 
used in the furnace. When the amount of scaling is 
undesirable, it can be controlled by using a carbur- 
izing or "reducing" atmosphere. Increasing the 
carbon content prevents scding. A carburized at- 
mosphere may be produced outside and forced 
into the furnace. At times an atmosphere which is 
neither oxidizing nor reducing may be needed. A 
neutral atmosphere may be used; however, this 
type of atmosphere is very difficult to maintain. 

9-S. Heat-Treating Processes and Their Effects. 
There are five basic heat-treating processes; hard- 
ening, case hardening, annealing, normalizing, and 
tempering. 

9-6. Steps in a heat-treating process. All five of 
the heat-treating processes can be performed on 
ferrous metals. Most nonferrous metals can be an- 
nealed, and many, such as certain aluminum or 
magnesium alloys, can also be hardened by heat 
treatment. However, nonferrous metals are never 
tempered, normalized, or case hardened. There 
are three steps in each of the five operations: 

(1) Heating is the first step. Certain changes 
take place at known temperatures. The metal must 
be heated until it is hot enough for the desired 
changes to occur. 

(2) Soaking is the second step. This involves 
letting the metal remain at the required tempera- 
ture until it is evenly heated throughout. The more 
mass a part has, the longer it must be soaked. 
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Figure 7. Pyrometer. 
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Figure 8. Case hardened steel. 

(3) Cooling is the final step. Cooling back to 
room temperature can be done in several ways. 
The substance used to cool the part is called the 
cooling medium. 

9-7. Effects. We will now explain the effects of 
the five basi: heat-treating operations: 

a. Hardening causes metal to better resist de- 
formation and penetration. However, as a metal 
hardens, it usually becomes more brittle, and it is 
sometimes necessary to take steps to reduce the 
brittleness. 

b. Case hardening forms a hard surface over a 
tough core, as shown in figure 8. This is usually 
done by increasing the carbon content of the metal 
near its surface. Low carbon steels are often case 
hardened. 

c. Annealing is a process in which metals are 
softened, usually to make them easier to form or 
machine. 

d. Normalizing removes internal stresses in 
metals caused by forging, machining, casting, or 
welding. Metal is tougher in this condition than in 
any other. 

e. Tempering follows the hardening operation, 
especially with high carbon steel; it reduces brittle- 
ness and increases elasticity. Most metals lose 
some of their hardness wnen tempered, but high- 
speed steel increases in hardness when tempered. 

9-8. Design in Relation to Heat Treatmeat. The 

serviceability of a tool or part is directly affected 
by its design and heat treatment Failure of a part 
is CiCen due to improper design and heat treat- 
ment, which may cause the part to crack, warp, or 
break. The internal stress produced by machining 
and heat treating the part may reduce its strength 
by as much as 90 percent, causing it to fail under a 
relatively light load. Failure of a newly designed 
part is usually caused by failure to consider its 
heat treatment requirements. Designs which have 
abrupt changes in mass or size n^ay cause serious 
stresses to develop during heat treatment. A part 
properly designed will heat and cool evenly. 
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Figure 9. Comer and fillet design. 

9-9. The rate of cooling is affected by differ- 
ences in mass and size and also by the shape and 
surface finish. When a part is quenched, even 
though it is uniform in cross section, the shape 
may cause it to cool unevenly and to develop 
stresses. Sharp comers '^nd edges are rounded 
whenever possible, since they produce a great con- 
centration of stresses. Holes located near an edge 
also produce stress, as do holes located off center 
in thick parts. Holes can be drilled on the opposite 
side to balance the mass of the part. Tool and 
chatter marks are also stress risers and can be re- 
moved by filing and polishing before the heat 
treatment operations. Figures 9 and 10 illustrate 
good and poor design in relation to heat treatment. 

9-10. Determining Required Heat Treatment. 
The heat treatment required for any part depends 
upon many factors. You should consider the type 
of metal, the composition of the metal, and the use 
the part will be put to. In many cases the required 
heat treatment is specified by technical orders or 
are given on the blueprint. For information on the 
temperatures and controls required for successful 
heat treating, consult TO l-lA-9, Aerospace 
Metals. When you make a tool or a part, you must 
determine which of the mechanical properties it 
must have if it is to be efficient. All of the me- 
chanical properties are present to a degree in all 
metals. Most of them can be developed to a higher 
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Figure 10. Corner and surface design. 
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B. PENETRATOR G. ZERO ADJUSTER 

C. SPECIMAN H. TRIP LEVER 

D. ANVIL I. WEIGHT PAN 

E. ELEVATED SCREW 

Figure 11. Rockwell hardness tester. 

degree than normal. Increasing one will affect an- 
other. You determine which of the mechanical 
properties are the most important and which are 
the least desirable by determining the job that the 
tool must do. An example is a cutting tool which 
must be harder and have more wear resistance 
than the material it is to cut; but, as hardness and 
wear resistance increase, brittleness increases, and 
shock resistance decreases. A brittle tool with little 
or no shock resi*^' .^c is of no value. Another ex- 
ample is a pan designed to break under a given 
load or sudden jolt. Brittleness, then, is of great 
importance. 

9-11. The heat treatment of an aircraft part is 
usually specified by a technical order, drawing, 
blueprint, or microfilm; you will seldom if ever, 
make the decision ao to the heat treatment for such 
items. At times, however, you will manufacture 
items that do not have the required heat treatment 
specified, such as locally designed tools and equip- 
ment. When the heat treatment is not specified, 
you can usually find a suitable heat treatment in a 
reference publication such as Machinerys Hand- 
book. For example, this handbook has a listing 
"Reamers, tool steel for." Turning to the given 
page number, you will find that the recommended 
steel for hand reamers is drill rod and that the rec- 
ommended hardness is Rockwell C63-66. If the 
item requires annealing or normalizing, this infor- 
mation will be given in the remarks section of the 
same book. This is all the information that is nor- 
mally given. 

9-12. If you are unable to find information per- 
taining to the selection and heat treatment of metal 



tor the particular item you are to niachine, consult 
the metals processing technician. The metals proc- 
essing technician is required to perform the actual 
heat treatment; however, you must give him 
enough information so that he can decide exactly 
what procedures to use. First of all you must be 
able to tell him the type of metal being heat 
treated. The more completely you can identify the 
composition of the metal, the better. If you know 
the specification number of the metal, tell him. 

9- 13. You should also tell the metals proce*^sing 
technician the desired Rockwell hardness number, 
or at least the intended use of the item. You 
should be able to tell the metals processing techni- 
cian, "This is 'I piece of SAE-1095 steel that has 
to be hardened to a Rockwell hardness rating be- 
tween C~63 and C-66," or "This is a hardened 
SAE--4130 steel that must be annealed for further 
machining." This information will help the metals 
processing technician to detennine the exact pro- 
cedures to use to obtain the desired results. 

10. Inspection of Metals 

10- 1. This section covers hardne. ; testing, cor- 
rosion control, and nondestructive inspection. As 
explained in Chapter 1, there are separate ladders 
in the metal working career field for corrosion 
control and nondestructive inspection. Hardness 
testing is a metals processing task. Although you 
are not primarily responsible for these three areas, 
you should have some knowledge of them. 

10-2. Hardness Testing. Let's suppose that a 
work order comes to your shop which requires the 
fabrication of an aircraft replacement part. You 
may work from a blueprint which specifies the re- 
quired dimensions, type of metal, heat treatment, 
and hardness, ci you may find all these specifica- 
tions in a technical order. In either case you select 
the specified type of metal and make the part. But 
the finished part may not possess the desired prop- 
erties. For example, it may not be hard enough. 
Metal is usually furnished in a soft or annealed 
condition so that it can be machined. Therefore, 
after you have finished making the part, you send 
it to the metals processing shop to be heat treated. 
The metals processing technician heat treats it as 
specified in the blueprint or technical order. Then 
he tests it to be sure that the specified hardness has 
been obtained. 

10-3. The Air Force uses the Rockwell hard- 
ness fester because it is simple to operate, it can 
test a great variety of metals of varying degrees of 
hardness, and it does not depend upon the judg- 
ment of the operator for accuracy. Figure 1 1 illus- 
trates a Rockwell hardness tester, while figure 12 
shows some of the attachments which are used 
with it. The principle of Rockwell hardness testing 
is based on the degree of penetration of an indentor 
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Figure 12. Rockwell hardness tester attachments. 



into a material under a given static load. When 
the lever shown on ttie right side of the base in fig- 
ure 1 1 is tripped, a predetermined load or weight 
forces d penetractor into the metal being tested. 
The hardness value depends upon the depth of 
penetration and is indicated on the dial. The shal- 
lower the penetration, the higher the hardness 
number. The penetrator can be either a diamond 
or a hardened steel ball. 

10-4. Before the major load is applied, the test 
speciman must be securely locked in place to pre- 
vent slipping and to properly seat the anvil and 
penetrator. To do this, a load of 10 kilograms (ap- 
proximately 22 pounds) is applied before the lever 
is tripped to apply the major load. This prelimi- 
nary load is called the minor load The minor load 
is 10 kilograms, regardless of the major load or the 
penetrator used. When the tester is set properly, 
the machine automatically applies the 10-kilogram 
minor load. 

10-5. The load that is applied to force the pen- 
etrator, shown in figure 12, into the metal is 
known as the major load and is measured in kilo- 
grams (1 kilogram is approximately 2,2 pounds). 
The major load can be 60 kilograms, 100 kilo- 
grams, or 150 kilograms, depending upon the ma- 
terial being tested. After the pointer has come to 
rest, the hardness of the material can be read from 
the dial graduations. Figure 13 shows a dial face. 

10-6. Corrosion Control. The deterioration of 
metal because of its reaction to its environment is 
called corrosion. A good example of corrosion is a 
rusty nail. The rust is formed by the reaction of 
the metal with the oxygen in the air. This reaction 
is called oxidation. The oxidation rate increases as 
the moisture content and temperature of the air in- 
creases. Other elements besides oxygen cause cor- 
rosion. Salt air, for instance, which surrounds 
many air bases in the US and overseas, is highly 
corrosive because of the reaction of the chemicals 
in salt with metals. 

10-7. Identification. Corrosion always starts on 
the surface of a metal. Many times you can detect 
it with the naked eye. We will list several common 



types of corrosion and briefly explain how you can 
identify them. 

a. Pitting conosion is the most common type 
and is found on aluminum and magnesium in the 
form of a white or grey powdery deposit. When 
this deposit is removed, small holes, or pits, are 
visible on the surface. 

b. Intergranular conosion is usually caused by 
poor heat treatment. All metals are composed of 
very fine grains, each with a different composition 
at the center than at its boundary. A small cono- 
sion cell develops when a conosive agent comes in 
contact with the metal surface. Th^s conosion 
progresses rapidly along the grain boundaries and 
appears as a bulky mass. 

c. Exfoliation conosion is a form of intergranu- 
lar corrosion. It also starts at the surface and pro- 
gresses along the grain boundaries under the sur- 
face, expanding enough to cause the face of the 
metal to lift up. 

d. Galvanic corrosion occurs when dissimilar 
metals are in contact. The electrical potential dif- 
ference between the metals, in the presence of an 
electrolyte such as water, develops and electro- 
chemical cell and conosion occurs. You can recog- 
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Figuie 13. Dial face of a Rockwell hardness tester. 
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nize this type of coiTosion by the buildup of material 
at the joint between the metals. 

e. Stress corrosion is caused by corrosion oc- 
curring at a point of high tensile stress in the 
metal. The combined corrosion and concentration 
stress causes the metal to crack. 

10-8. Prevention. Scheduled inspections and 
preventive maintenance are essential in combating 
corrosion. Coating aluminum alloy sheet with 
commercially pure aluminum, which is then called 
Alcad, is one method that is used to prevent corro- 
sion. The most important measure in preventing 
corrosion is the removal of foreign matter from 
unprotected metal surfaces. Keeping protective 
fmishes in good condition is another corrosion 
control measure. 

10-9. One method of protecting a metal from 
corrosion is to plate its surface with another more 
corrosion-resistant metal. In some instances, plat- 
ing also produces a more wear-resistant surface. 
Plating is applied by a process called electroplat- 
ing, in which a pure metal and the part to be 
plated are placed in a liquid solution called an 
electrolyte. An electric current is passed from the 
pure metal through the electrolyte to the part, 
causing tiny particles of the pure metal to be de- 
posited on the surface of the part. The process is 
continued until the plating reaches the required 
thickness. The plating thickness required varies, 
but in most cases, it is extremel> thin. The surface 
may be plated with two or more metals to make 
the final plating adhere better or to reduce the 
cost. For example, in the chromium plating of 
steels, the steel is often plated first with copper, 
then with nickel, and finally with chromium. Elec- 
troplating is the responsibility of the metals proc- 
essing shop. There are several types of electroplat- 
ing, with the most common being cadmium, 
copper, nickel, and chromium. 

10-10. Other metal surfaces treat jients which 
aid in corrosion control are anodizing, metal 
spraying, hot dipping, and painting. Some corro- 
sion-resistant metals require no protection. You 
should refer all metal surface treatment problems 
to the metals processing shop. 



10-11. NondestrucHve Inspection. Nondestruc- 
tive inspection is any form of inspection in which 
the part inspected is not damaged or destroyed. 
Visual inspection is an aid to nondestructive 
inspection. It is a quick and economical method of 
detecting small defects before they can cause fail- 
ures. Us reliability depends upon the ability and 
experience of the inspector. He must know how to 
search for structural failures and how to recognize 
areas where such failures are likely to occur. De- 
fects that would otherwise escape the naked eye 
can often be detected with the aid of magnifiers. 

10-12. Visual inspection of materials, parts, 
and complete units is no longer the most important 
method of determining their condition. Various 
nondestructive inspections are used to detect varia- 
tions in structure, changes in surface finish, and 
the presence of physical defects. Although nonde- 
structive inspection, AFSC 536X0, is a separate 
ladder of the metalworking career field, you 
should have a basic understanding of nondestruc- 
tive inspection methods, 

10-13. Training is extremely important in non- 
destructive inspection. Present nondestructive in- 
spection metb'jds, such as those of magnetic par- 
ticle, fluorescent and dye penetrant, eddy current, 
ultrasonic, and X-ray inspection are becoming 
more and more exacting. The importance of the 
decisions of the person who performs these inspec- 
tions cannot be overemphasized. 

10-14. The physical location and supervisory 
control of nondestructive inspection equipment are 
important in insuring efficiency and economy in 
performing inspections. Nondestructive inspection 
equipment should be placed in one location and 
under the supervision of one trained supervisor. 

10-15. In field maintenance activities all parts 
that require inspection should be taken to an 
inspection laboratory. A central location prevents 
duplication of expensive equipment and permits 
more efficient use of inspection personnel. The 
quality of inspection equipment maintenance is 
also improved since one trained person is responsi- 
ble for carrying out the maintenance program. 
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CHAPTER 3 




f 

Preparatory Shop Work 



THIS CHAPTER covers the basic krowledge 
and skills that you need to know before you 
begin to work with machine tocls. Shop mathemat- 
ics is involved in every machine shop task. To per- 
form most of these tasks, you must be able to read 
blueprints and shop drawings. Geometric construc- 
tion is required to make shop drawings and for 
layout work. Finally you must know how to use 
common hand and measuring tools. 

11« Review of Shoir 'athematics 

11-1. Nearly every i^.m you make will require 
the use of mathematics. Measuring, calculating 
cutting speeds, machining tapers, manufacturing 
gears, and many other tasks make use of mathe- 
matics. Arithmetical operations involving whole 
numbers should not cause you any trouble. Ma- 
chinists constantly work with fractions and deci- 
mals. In this section we will first identify some 
commonly used mathematical symbols and terms 
which every machinist must know in order to work 
at his trade. Our purpose is simply to m?ke certain 
that you know what these symbols and terms are. 
After identifying these symbols and terms, we will 
explain fractions and decimals, stressing their ad- 
dition, subtraction, multiplication, and division. 

11-2. Mathematical Symbols and Terms. Sym- 
bols such as , Z , and tt and terms such as 
"product," "quotient," and "dividend" are often 
used in mathematics. If you have been out of 
school for some time, you may not remember what 
they mean. 

11-3. Symbols. The following symbols often 
appear in data that a machinist uses. Not all of 
them are used in this section of the text. However, 
since you will be using all of them later in your 
work, you should be sure that you know what they 
mean. 

— plus 

— minus 

X multiplied by 

divided by 
=1 equals 



// parallel 
X perpendicular 
/ angle 

L right angle (90°) 
T pi (3.1416) 
* degree 
% percent 

11-4. Terms. Mathematical terms are used to 
quickly and accurately identify numbers being dis- 
cussed. For exampk, it is much simpler to say, 
"the product of 6 and 3 is 18," than to say, "the 
number obtained by multiplying 6 by 3 is 18." 
The "product" also shows that 6 and 3 are multi- 
plied, not added, subtracted, or divided. The fol- 
lowing information will show you the location and 
terms which identify the numbers used in addition, 
subtraction, multiplication, and division: 



Additio:^ ( + ) 



Subtraction (— ) 



Multiplication (X) 



Division ( ) 



Addend 
Addend 
Sum 

Minuend 

Subtrahend 

Difference 

Multiplicand 

Multiplier 

Product 

Quotient 



Divisor /Dividend 



11-5. Fractions. A fraction is a number that 
shows the number of equal parts of a unit. For ex- 
ample, 3/4 means that three of the four equal 
parts of a unit are used; 7/32 means that seven of 
the thirty-two equal parts are used. 

1 1-6. Definitions. It will be easier for you to 
understand the operations if you know the defini- 
tions of the terms. These are as follows: 

a. Denominator. The denominator is the num- 
ber which shows into how many equal parts the 
unit has been divided. The denominator is written 
below the line. Example: 3/4; here 4 is the de- 
nominator. 

b. Numerator. The numerator is the number 
which shows how many equal parts of the unit 
have been used to make a fraction. The numerator 
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is written above the line. Example: 2/3; here 2 is 
the numerator. 

c. Terms. The terms of a fraction are the de- 
nominator and the numerator. Example: 1/2; 
here 2 is the denominator; 1 , the numerator. 

d. Common fraction. A common fraction is a 
fraction which has both terms expressed. Example: 
3/4; here both 3, the numerator, and 4, the de- 
nominator, are given. 

e. Proper fraction. A proper fraction is one 
whose numerator is less than its denominator. 
Example: 3/8, 5/16; here 3 and 5 are less than 8 
and 16, respectively. 

/. Improper fraction. An improper fraction is 
one whose numerator is greater than its denomina- 
tor. Example: 4/2, 5/3; here, 4 and 5 are greater 
than 2 and 3, respectively. 

g. Unit fraction. A unit fraction is one whose 
numerator is one. Example: 1/2, 1/4; here each 
numerator is 1. 

h. Mixed number. A mixed number is a num- 
ber composed of a whole number and a fraction. 
Exufhple: SVa.IVi; here 3 and 7 are whole num- 
bers, while 3/4 and 1/2 are fractions. 

i. Complex fraction A complex, or compound, 
fraction is a fraction in which one or both of its 
terms is a fraction or mixed number. Example: 
VA over 6, 15/3 over 32, 3Va over VA. 

11-7. Reducing a fraction. Reducing a fraction 
means changing a fraction from one form to an- 
other without changing its value. Example: 1/2 
changed to 2/4 or 4/8; here the relative value of 
the terms is the same in all three forms of the frac- 
tion. The value of a fraction is not changed by 
multiplying or dividing its numerator and denomi- 
nator by the same number. Examples: 

1/2 X 4/4 = 4/8 
1/2 = 4/8 
8/12 ~ 4/4 = 2/3 
8/12 = 2/3 

1 1-8. When both Ihe numerator and denomina- 
tor cannot be divided by the same number, the 
fraction is said to be in its lowest terms. Example: 
1/5, 2/3; here no common number can be divided 
into 1/5 or 2/3; thus each of these fractions has 
been reduced as far as possible — to its lowest 
terms. An improper fraction may be reduced to a 
whole number or a mixed number by dividing the 
numerator by the denominator. Example: 

16/8= 16^8 = 2 
95/8 = 95 ^8= im 

11-9. Addition. You will frequently be required 
to add fractions. A common use of addition is to 
find the overall length of an item. The lengths of 



the sections are often fractions of an inch or whole 
inches and fractional parts. To find the overall 
length of an item, you must therefore add the 
lengths of the various sections. Fractions cannot be 
added unless they have a common denominator. 
Example: 5/8, 3/8, 6/8. The common denomina- 
tor should be the least common denominator, 
which is the lowest denominator into which all the 
denominators will divide. In the example shown, 8 
is the least common denominator. 

11-10. To reduce fractions to fractions having 
a common denominator, reduce f^ch fraction sep- 
arately. Divide the least common denominator by 
the denominator of the fraction and multiply the 
quotient obtained by the numerator of the fraction. 
The product is the numerator of the reduced frac- 
tion, and the denominator is the least common de- 
nominator. For example, reduce % to a fraction 
having a denominator of 16, assuming that 7% is 
one of a series of fractions (V4, Vi, %, etc.) hav- 
ing 16 as a least common denominator. Divide the 
least common denominator (16) by the denominator 
of the fraction (8) and multiply the quotient ob- 
tained (2) by the numerator of the fraction (7). 
The product (14) is the numerator of the reduced 
fraction, and the denominator is the least common 
denominator (16). Thus: 

7/8 = 14/16 

11-11. After you have reduced all of the frac- 
tions to fractions having a common denominator, 
you may then add their numerators and place 
them over the common denominator. If the answer 
is an improper fraction, change it to a mixed num- 
ber, with the fractional portion expressed in its 
lowest form. When adding mixed numbers, add 
the whole numbers and fractions separately and 
the results together. 

1 1-12. A typical example of work requiring the 
addition of fractions is a shaft consisting of four 
sections, respectively, %e, F/i^* and AV2 
inches in length. What is the overall length of this 
shaft? First, change the fractions to fractions hav- 
ing a common denominator; in this case the least 
common denominator is 16. Then add the numer- 
ators of the new fractions (3%g inch) and change 
them to a mixed number, with the remaining frac- 
tion in its lowest form (1% inches), thus obtain- 
ing the overall length of the shaft (6% inches). 
Solution: 

3/16 inch = 3/16 inch 

I'He inches = I'Hfl inches 

3/4 inch 12/16 inch 

+ 4V^ inches = 4^ft inc hes 

30/16 = PMe =1% -f- 5 

=- 6% inches 
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11-13. Subtraction. You will have many occa- 
sions to subtract fractions in your shopwork. For 
example, layout work frequently requires the sub- 
traction of known dimensions to determine the 
length of unknown dimensions. Fractions must be 
reduced to their least common denominator before 
they can be subtracted. Then their numerators 
must be subtracted and the difference placed over 
the common denominator. The resulting fraction 
should then be reduced to its lowest form. For ex- 
ample, subtract % from %. Solution: 

7/8 =z 7/8 
- 3/4 = 6/8 



1/8 



11-14. Subtract mixed numbers by first sub- 
tracting the fractions, and then subtracting the 
whole numbers. If the fractional subtrahend is 
larger than the fractional minuend, borrow a 
whole number from the whole minuend, change 
the number borrowed to a fraction having the 
same least common denominator as the original 
fraction, and add it to the original fractional min- 
uend. Next, subtract the fractional subtrahend 
from the new fractional minuend. Then do the 
whole numbers subtraction operation. For exam- 
ple, a brace originally 9% inches long is to be 
shortened 2i%6 inches. How long will the brace 
be after having been shortened? Solution: 

9% = 9916 = 82^10 inches 
~ 2^'\Q = 21^16 = 21^10 inches 



6%6 inches 

11-15. Multiplication. You will occasionally 
use formulas that will require the multiplication of 
fractions. To multiply two or more fractions to- 
gether, multiply the numerators together and 
multiply the denominators together. Place the 
product of the numerators over the product of the 
denominators and reduce the resulting fraction to 
its lowest terms. For example, multiply % by % 
as follows: 

8/9 X 3/4 = 24/36 = 2/3 

11-16. You can obtain the answer more easily 
(especially if several fractions are to be multi- 
plied) by cancellation. Cancellation is the division 
of a numerator and a denominator by a number 
common to both to reduce the size and number of 
fractions in an equation. To multiply % by %, 
using cancellation, arrange the fractions as for nor- 
mal multiplication. Example: 

3/4 X 8/9 

11-17. Now of course you can divide a numer- 
ator and denominator by a common number; for 



example, you can divide both 8 and 4 by 4. Doing 
this, substitute the quotients obtained for the num- 
bers you have divided and continue cancelling as 
long as possible. Example: 

2/9 X 3/1 = 

Again, you know that you can divide both 9 and 3 
by 3. Example: 

2/3 X 1/1 = 2/3 

11-18. It is not necessary to rewrite the formula 
after each cancellation operation, as we have done 
for clarification purposes with the sample formula. 
A much simpler and convenient method is to 
strike through the number being divided and to 
write the quotient above or below the old number. 
Example: 




1 

5/8 X 16/18 X 21/25 X 15/16 =/^8 X 



1 

2 



1 

7 3 
X Zr/2^X>5'/^:= 7/16 

r 1 
1 

1 1-19. Division. You divide fractions by invert- 
ing the divisor, changing the division sign to a 
multiplication sign, and multiplying. When a frac- 
tion is inverted, the numerator becomes the de- 
nominator, and the denominator becomes the nu- 
merator. For example, divide ^ by % . 

5/7 H- 3/4 = 

Invert the divisor, ^A, which then becomes %. 
Change the division sign to a multiplication sign 
and solve. 

5/7 X 4/3 = 20/21 

1 1-20. Decimals. A machinist needs a thorough 
knowledge of decimals because the dimensions of 
parts are often expressed as decimals. Objects hav- 
ing close tolerances arc dimensioned with decimals 
rather than fractions because more accurate meas- 
urements are possible with decimals. The smallest 
fraction commonly used is %4 inch; smaller frac- 
tions are difficult to measure by ordinary means. 
Measurements of Mooo i^^^h, or smaller, are eas- 
ily made if decimals are used. 

11-21. You not only must be able to measure 
objects dimensioned with decimals but also must 
be able to solve mathematical problems in which 
decimals appear, such as gear calculations — to de- 
termine the amount of materials to remove and to 
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determine the depth of cut to take— and to handle 
other problems too numerous to list. In fact, you 
must add decimals in making measurements with a 
micrometer. 

11-22. Reading decimab. A decimal is actually 
a fraction having a denominator of 10, or a power 
of 10 (100, 1000, 10000, etc.) that is written in a 
different form. For example, the fraction is 
written as 0.1 in decimal form; Moo is 0.01; and 
^^000 is 0.035. The period in front of the num- 
ber is called a decimal point and shows that the 
number is a decimal and not a whole number. A 
decimal is a fraction whose numerator is the num- 
ber that follows the decimal point and whose de- 
nominator is a 1 followed by as many zeros as 
there are numbers following the decimal point. For 
example, 0.7 means Mo, 0.39 means 3%^^^^, and 
0.035 means ^Mooo- You can see, then, that each 
place to the right of the decimal point represents a 
zero in the denominator; thus, one place, one zero; 
tv/o places, two zeros; etc. 

1 1-23. The number of places to tiie right of ths 
decimal point determines the reading or meaning cf 
the decimal. The places have definite meaning, as 
shown in the following listing: 

0.0 = tenths 

0.00 = hundredths 

0.000 = thousandths 

0.0000 = ten thousandths 

0.00000 = hundred thousandths 

0.000000 = millionths 

11-24. If a number extends two places to the 
right of the decimal point, it is read as hundredths; 
three places, as thousandths; etc. For example, 
0.020 extends three places to the right and should 
be read as twenty thousandths. Again, 0.125 
would be read as one hundred twenty-five thou- 
sandths. Zeros may be added to, or removed from, 
the end of a decimal without changing its value. 
For example, 0.05 = 0.0500 = 0.05000. 

1 1-25. Addition. You will be required to add 
decimals frequently. The measurement obtained 
with a micrometer is the sum of the decunal read- 
ings taken from the barrel and thimble of the mi- 
crometer. To add decimals, position the numbers 
to be added in a column with each succeeding dec- 
imal point directly below the one above. Add zeros 
to decimals whenever a decimal has fewer places 
than another to help avoid errors. Place the deci- 
mal point in the sum directly below the other deci- 
mal points. For example: What would the overall 
length of an object be if it consists of sections that 
are 1.255 inches, 0.875 inch, 0.375 inch, 4.5 
inches, and 3.25 inches in length? 

1 1-26. To solve this problem, arrange the num- 
bers in a column so that the decimals are in aline- 



ment, add zeros to make the decimals even in 
length, and then add the column as follows: 

1.255 
0.875 
0.375 
4.500 
+ 3.250 

10.255 

1 1-27. The diameter of a shaft measured with a 
micrometer results in a reading of 0.525 inch on 
the band and 0.019 inch on the thimble. What is 
the diameter of the shaft? Add the two decimal 
readings to obtain the answer as follows: 

0.525 
-i- 0.019 
0.544 

11-28. Subtraction. To subtract decimals, place 
the decimal points in a column and then subtract. 
For example: A shaft is being machined in a lathe 
that must have a diameter of 0.618 inch when 
completed. The micrometer reading shows the di- 
ameter to be 0.88 inch. How much more material 
must be removed from the diameter of the shaft to 
obtain the desired dimension? Solution: Subtract 
the desired dimension from the micrometer read- 
ing, as follows; 

0.880 
- 0.618 
0.262 

11-29. Multiplication. Multiply decimals as if 
the numbers were whole numbers, then place the 
decimal point in the product. Yju can determine 
the location of the de:imal point by adding the 
number of decimal places in the multiplicand and 
multiplier, and, beginning at the right, counting off 
the same number of decimal places in the product. 
For example, let's multiply 43.286 by 6.04. First 
multiply the numbers, disregarding the decimal 
point, as follows: 

43.286 
6.04 
173144 
2597160 

26144744 

Since the multiplicand has three decimal points 
and the muhiplier has two, the product will have 
five. Starting at the right, count off five decimal 
places and insert the decimal point (261.44744). 

11-30. To divide decimals, the divisor must be 
a whole number. If the divisor is a decimal, move 
the decimal point to the right the number of places 
necessary to change the decimal to a whole number, 
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30 


.46875 






31 


62 


. 96875 








31 


.484375 








63 


.984375 


1/2 
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16 


32 


.500 


1 


16 


32 


64 


1. 000 
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then move the decimal point of the dividend to the 
right Ihe same number of places. If the dividend 
does not have enough decimal places, add as many 
zeros as necessary. Place the decimal point in the 
quotient directly over the decimal point in the divi- 
dend. For example, let's div.de 0.78 by 0.964. 
First arrange the numbers as for simple division, as 
follows: 

0.964 / 0.78 

Next, change the divisor to a whole number by 
moving the decimal point to the right, in this case 
three places, as follows: 

964 / 0.78 

After this, move the decimal point in the dividend 
to the right three places. Since there are only two 
places in the example, you must add a zero to do 
this as follows: 

954 '^"SOT 

Now, place the decimal point in the quotient di- 
recUy over the decimal point in the dividend, as 
follows: 



cate the decimal on the table. The fractional 
equivalent, T^g, appears next to it. 

11-33. Changing fractions to decimals. You 
may not have a table of decimal equivalents at 
hand, or the fraction you wish to change to a deci- 
mal may not appear on the table; for exanple, 
4 What should you do in such a situatioi as 
this? Since the line in a fraction means "divided 
by, in reality a fraction which says that the nu- 
merator is divided by the denominator. For exam- 
ple, Va really means 1 divided by 4. To change a 
fraction to a decimal, you simply do the indicated 
division. To change %^ to a decimal, for example, 
divide 1 by 40, as follows: 

40 /~ 

Since 40 is greater than 1, add a decimal point 
after the numeral 1 and as many zeros as neces- 
sary and divide, as shewn: 



40 / 



0.025 
l.OOO" 
80 

200 
200 



964 / 780. 

Then divide. If the quotient is not a whole num- 
ber, add zeros to the dividend and continue the di- 
vision to as many decimal places as desired, as 
shown: 

0.809 



964 / 780000 
771 2 
8 800"" 
8 676 
124 

11-31. Changing decimals to fractions. You 
can change a decimal to a common fracHon bv 
writing the decimal in its fractional form a. d re- 

n 5 ' n^'V''J?.l?'^''' ''™'- "^^'"Pl^' change 

0.5, 0.25, 0.125, and 0375 to fractions, as fol- 
lows: 

0.5 = 5/10 - 2/2 

0.25 = 25/100 = 1/4 

0.125 = 125/1000 = 1/8 

0.375 = 375/1000 = 3/8 

1 1-32. A more convenisnt means of changing 
decimals to fractions is to use a decimal equivalent 
table, such as the one shown in chart 7. To jse this 
table, locate the decimal being changed and the 
fractional equivalent shown next to it. For exam- 
pie, to find the fractional equivalent of 0.4375 lo- 
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Thus, equals 0.025. 

12. Blueprint Reading and Mechanical 
Drawings 

12-1. You will work constantly with blueprints 
and drawings. Metal parts, whether simple or com- 
plex, are machined to exact dimensions. It would 
be difficult for a design engineer to describe, ver- 
bally or in writing, these dimensions. He depends 
on a blueprint or a drawing to do job for him. 
The purpose of a blueprint or draw g is to indi- 
cate the form and size of an object. This is done in 
such a way that .he person using the dr wing can 
clearly understand what the engineer or designer 
had m mind. You will be required to work from 
blueprints and drawings and to interpret ±em cor- 
rectly. You may even be required at times to de- 
sign parts or to make your own working drawings 
You are not required to be a draftsman. However 
the more you know about blueprints and mechani- 
cal drawings, the easier it will be for you to read 
and interpret them. 

12-2. Blueprints. You undoubtedly have heard 
the term "blueprint" many times, but you may not 
know exactly what it is, how it differs from a 
drawmg, or why it is used. A blueprint is a repro- 
duction or print of a drawing. Blueprints are used 
because the time required to make several copies 
of a drawing by hand prohibits their use in the 
quantities needed. Blueprints are widely used be- 
cause hundreds of copies of a drawing can be 
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Figure 14. Projected view of an object. 

made in a ^hori time. Because of the blue color, 
with white lines, the prints are called blueprints. 
The term "blueprint" is commonly used when re- 
ferring to reproductions which may also be brown 
with white lines, black with white lines, or white 
with blue lines. This depends upon the type of 
printing paper and chemicals used. 

12-3. The storage of an enormous number of 
blueprints in the Air Force has made it necessary 
to put many of them on microfilm. There are 
mai;y types of engineering drawings. If you need 
one of these in your work, your shop foreman will 
obtain it for you. Technical orders contain draw- 
ings which show how to repair all types of Air 
Force equipment. You will use this type of draw- 
ing more frequently than any other. 

12-4. Mechanical Drawings* A mechanical 
drawing is a drawing made with the aid of instru- 
ments. It differs from an artist's drawing in that no 
attempt is usually made to give the drawing 




I FRONT I 



SIDE 



53 15 

Figure 15. Orthographic projection onto paper. 
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perspective. Perspective is a part of the appear- 
ance an object presents to the eye. An artist's 
drawing attempts to represent an object exactly as 
the eye sees it, with portions near the viewer ap- 
pearing larger than portions farther away. In me- 
chanical drawing the object is drawn in such a way 
as to leave no doubt as to its exact size and shape, 
even though the drawing may seem to be out of 
proportion. The most common type of mechanical 
drawing is the orthogiaphic projection, sometimes 
known as a three-view drawing. 

12-5. Orthographic projection. For machine 
shop purposes, the best way to draw many objects 
is to project them on paper in some combination 
of front, top, and side views. This method of show- 
ing several faces of an obje t at the same time is 
called orthographic projection. To understand this 
three-view type of projection, imagine that the ob- 
ject is resting inside a rectangular-shaped box hav- 
ing transparent plastic sides, as you see in figure 



l'/4 



'/4 



V4 



1 



f 53.16 
Figure 16. Working drawings. 

14. Now, imagine yourself looking straight down 
at the top of the object and tracing on the plastic 
box top what you see of the object. The result 
would be a rectangle such as you see (labeled 
"Top") in figure 14. Note how each of the four 
corners of this rectangular tracing matches up with 
the corners of the object as shown by the vertical 
dashes known as projection lines. Note, tco, how 
the front and right-side tracings appear as projec- 
tions on the plastic box of what you would see if 
you were looking directly at the object from those 
particular angles. 

12-6. To understand view alinement, imagine 
swinging the hinged sides of the plastic box 
around, flattening them out into a single plane as 
though you were laying them flat on drawing 
paper. Note in figure 15, that the top view alines 
directly over the front view, and the side view ap- 
pears directly to the right of and in line with the 
front view. This is an orthographic projection, 
showing the exact size and shape of the object. 
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gurc 17. One-view draw-ng. 



When dimensions are added, as in figure 16, you 
have a working drawing. You can work from an 
orthographic projection much more easily than 
from a picture of the object as your eye sees it. 

lz-7. Freehand sketching. The importance of 
freehand sketching cannot be overestimated. You 
use freehand sketches to express orljnal ideas. 
You may have a general idea of what you want to 
make and what its function will be when it is com- 
pleted, but you need some other people's ideas as 
to the design of the part. With your sketch you can 
show what your general plans are. As your plan 
takes a more definite shape, you may erase and 
change the design as often as necessary until you 
have a satisfactorily designed part. Much of the 
work done in the machine shcp is planned with the 
aid of freehand sketches. 

12-g. Fnterpretation of Drawings. The ability 
to "read" (understand) a drawing be/:omcs easier 
as you become more experienced. The presenta- 
tion views * types of lines used, the indications 
of holes ah . .nread^j, the sectional vie-^s, and the 
dimensions all help you in the correct 'nterpreta- 
tion of a c ving 

12-9. Presentation of views. The number of 
views and the position of the views aid you in 
reading a drawing. \A'hile drawmgs usuallv present 
three views of the object, the number of views nec- 
essary will depend upon the mature and shape of 
the object. For instance, no matter from what 





TOP VIEW 



r~r 



PERSPECTIVE VIEW 
OF BUSHING 



FRONT VIEW 
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SIDE VIEW 

(DUPLICATE OF 
FRONT VIEW) 



Figure 18. Two- view drawing. 
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angle you view a ball, its shape is still the same 
round sphere; therefore, one view is sufficient to 
show the size, and the sperical shape can be ex- 
plained by a short note. Cylindrical work is often 
represented by one view, as you can see in figure 
17. Here, the centerline running through the mid- 
dle of the piece and the letter D (for diameter) in 
the dimensions indicate th?* the piece is cylindrical 
in shape. Since a side view consisting of three cir- 
cles would not show anythmg not already known, 
its omission makes the drawing easier to read. 
However, any extra machining operations, such as 
drilled holes, keyways, threads, and counterbores, 
could require a second, or even a third, view for 
describing accurately their size and location. Fig- 
ure 18 shows a drilled bushing. The bushing re- 
quires both a top and front view if you are to 
clearly establish the location and nature of its cen- 
tral hole. It has no other features that would re- 
quire a side view. 




1_IAC K yiew J view 



IOTTQm v>tw 



Figure 19. Relationship of views. 

12-10. If the object has a complicated or irreg- 
ular shape, more than tliree views may be needed. 
The number of views needed will depend upon 
how much detail the machinist needs. Detail in 
any one view should be kept to a minimum to 
avoid cluttering up the view and making it difficult 
to read. 

12-11. Views are drawn in the correct relation- 
hip with each other. The top view is placed above 
le front view, and the right-side view is placed to 
the right of the front view, as shown in figure 19. 
A view placed out of position is confusing. There 
would be much repetition of information if all six 
views were used to describe an object. A multiview 
drawing should not contain more views than nec- 
essary to describe the object fully. In presenting 
views the following principles are observed: 

a. Views showing essential contours are se- 
lected. 

b. Views with the least amount of invisible lines 
are preferred. 
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Chart 8 

Line Thickness, Composition, and Meaning 



CENTER LINE 



THIN 



DIMENSION 



THIN 



LEADER 



BREAK LONG 




THIN 



THIN 



SECTIONING AND 
EXTENSION LINE 



THIN 



PHANTOM AND 
REFERENCE LINE 



MEDIUM 



HIDDEN 



MEDIUM 



STITCH LINE 



MEDIUM 



DATUM LINE 



MEDIUM 



OUTLINE OR 
VISIBLE LINE 



THICK 



BREAK SHORT 



THICK 



CUTTING PLANE 
OR 

VIEWING PLANE 



f 



i 



1 



THICK 



CUTTING PLANE 
FOR COMPLEX OR 
OFFSET VIEWS 



THICK 



BORDER LINE 



EXTRA THICK 
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BORDER LINE 



SECTION-AA 
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A. SECTIONING LINES 

B. EXTENSION LINE/LEADER LINE 

C. DIMENSION LINE 
0. CENTER LINE 



E. PHANTOM LINE 

F. OUTLINE 

G. HIDDEN LINE 

Figure 20. Use of variods lines. 



H. CUniNG PLANE LINE 

I. BREAK LINE 
J. BORDER LINE 



c. Right-side views are preferred to left-side 
views, unless the left-side view conveys more in- 
formation. 

d. The top view is preferred to the bottom view, 
unless the bottom view conveys more information. 

e. In presenting views the available space 
should be considered. 

/. The principal view is the one that shows the 
characteristic contour of the object. It is good 
practice to use this view as the front view on a 
drawing, regardless of the natural front of the ob- 
ject. 

12-12. Types of lines and uses. The types of 
lines used to draw the views of an object help you 
to interpret a drawing. These lines are made in 
definite, standard ways. The relative thickness of 
the line (fine, medium, thick) and the composition 
(broken, solid, dashes, etc.), as shown in chart 8, 
signify various meanings, which must be under- 
stood if you are to correctly read a drawing. The 
composition and use of various lines are as fol- 
lows: 

a. Centerlines consist of long and short dashes, 
alternately and evenly spaced with a long dash at 
each end and short dashes at points of intersection 
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Figure 21. Short break lines. 



of centerlines. Very short centerlines, as in figure 

20, may be broken if there is no confusion with 
other lines. Centerlines are also used to indicate 
the travel of a center. 

b. Dimension lines terminate in arrowheads at 
each end, as shown in chart 8 and figure 20. They 
are broken where the dimension is inserted. 

c. Leader lines indicate a part or area to which 
a number, note, or other reference applies. Usually 
the leader lines terminate in an arrowhead, as in 
chart 8. 

d. Break lines are used when an object is uni- 
form in shape, such as a pipe or shaft, and the 
length prevents its being shown completely on a 
drawing. A portion is removed from its midsec- 
tion, as shown in figures 20, 21 and 22, to enable 
both ends of the object to be seen. Short breaks 
are indicated by solid, freehand lines, as in figure 

21. For long breaks, full, ruled lines with freehand 
zigzags are used, as in figure 22. Shafts, rods, and 
tubes have the ends oi the break drawn as indi- 
cated in figure 21. 
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'jgure 22. Long break lines. 



e. Phantom lines are used to indicate alternate 
positions of parts of an object, repeated detail or 
the locations of absent parts, as in figure 20. They 
are made by alternating one long and two evenly 
spaced short dashes with a long dash at each end. 

/. Sectioning lines are used to indicate the ex- 
posed surfaces of an object in a s'^^tional view, as 
in figure 20. They are usually full, thin lines but 
may varj with the type ot material shown 

g. Extension lines are used to indicate the ex- 
tent of a dimension, as in figure 20. They do not 
touch the outline of the object but terminate within 
one-sixteenth of an inch from it. 

h. Hidden lines consist of short, evenly spaced 
dashes to show hidden features of an object, as 
shown in figure 20. They always begin with a dash 
in contact with the line from which they start, ex- 
cept when a dash would form a continuation of a 
full line. 

I. Stitch lines, shown in chart 8, are used to in- 
dicate the stitching or sewing lines on an article. 
They consist of a series of very short, evenly 
spaced dashes, about one-half the length of the 
dashes used for hidden lines. 

/. Outline or visible lines are solid, thxk lines 
used to represent all visible lines on the object, as 
in figure 20. 

k. Datum lines, as in chart 8, are made by al- 
ternating one Kmg and two short evenly spaced 
dashes of mediiun thickness. They are used to 



show surfaces not present in the drawing from 
which positions are located. 

/. Cutting plane lines are used to indicate a 
plane in which a sectional view is taken. Viewing 
plane lines, as shown in chart 8, are used to indi- 
cate the plane from which a surface is viewed. 

m. Border lines are extra heavy lines used to 
frame or inclose the entire drawing and to give the 
drawing a "finished" appearance, as shown in fig- 
ure 20. 

12-13. Dimensions. To manufacture an object, 
the size of the object and all of its parts must be 
feiven and understood. You must be able to cor- 
rectly intcpret the dimensions on a drawing; oth- 
erwise, the drawing will only show the shape of the 
object, and the full meaning will be lost. An un- 
derstanding of the various types of dimensions and 
the methods used to represent them are essential in 
interpreting drawings. 

12-14. There are three general groupings of di- 
mensions, as shown in figure 23. The three types 
are as follows: 

a. Detail or size dimensions give size of diame- 
ters, widths, lengths and heights of the object. 

b. Position or location dimensions specify the 
location of features of an object with respect to 
each other, such as the distance between a surface 
and a center, or between two surfaces. 

c. Overall dimensions give the entire length, or 
height, or width of an object. They are the total of 
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Figure 23. Types of dimensions. 
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Figure 24. Dimensioning methods. 



all smaller dimensions in any one direction and are 
usually located on the outside of detail and posi- 
tion dimensions. 

12-15. The following rules are used as guides 
when drawings are dimensioned; however, objects 
frequently have shapes, sizes, and complicated 
portions which may require deviating from these 
rules: 



a. Dimensions applying to related views are 
placed between them. 

b. Dimensions are not placed directly on the 
object. 

c. Dimensions that apply to more than one view 
are placed on the view which most clearly illus- 
trates the features being dimensioned. 

d. Hidden edges are not used for dimensioning. 
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Figure 25. Dimensioning methods shown in profile. 
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Figure 26, Dimensioning Jarge diameters. 

1/2 DIAMETER 




53-27 

Figure 27. Dimensionir.g small diameters. 



e. All needed dimensions are given without un- 
necessary duplication. 

/. Small dimensions are placed near the object 
and increasingly larger ones are placed farther 
away, as shown in figure 24. 

g. The symbol or abbreviation for inches is 
omitted from dimensions. The measurements are 
understood to be in inches unless otherwise stated. 

h. Dimensions and lettering are positioned so 
that they can be read from die bottom of the draw- 
ing. 

12-16. Figure 25 illustrates the method used to 
dimension diameters shown in profile. Note the 
use of the abbreviation of diameter. When diame- 
ters appear on a drawing as circles, tlie dimension- 
ing methods shown in figure 26 and 27 are used. 
Figure 27 shows the method used for smaller di- 
ameters. Centerlines are used for both types. 

12-17. Radii are dimensioned by drawing a 
radial dimension line through the origin of the rad- 
ius. On small radii, however, the dimension line 
may be drawn on the side opposite the center. The 
letter R always follows the dimensions of the rad- 
ius. Figure 28 illustrates the methods used. 

12-18. Examples of the dimensioning of angles 
are shown in figure 29. The dimension of the angle 





Figure 29. Dimensioning angles and chamfers. 

is placed inside the extension lines whenever the 
spacing permits. Fijure 30 illustrates the recom- 
mended dimensioning of chamfers and the op- 
tional method used for 45° chamfers. 

12-19. Limits, tolerance, and allowance. To 
make parts interchangeable and to eliminate work- 
ing to unnecessarily close measurements, the de- 
signer must determine acceptable variations in 
size, pe drawing, tells you what the "allowable 
errors" are. These permitted differences in size are 
known as limii^, tolerance, and allowance. You 
must understand what these terms mean and how 
they are shown in order to correctly interpret a 
drawing. 

12-20. Limits are the extreme dimensions to 
which an object may be made and still be accepta- 
ble. You can find the maximum limit by adding 
the amount a piece may be made larger than speci- 
fied (indicated by a plus sign in front of the per- 
mitted variation). You can find the minimum limit 
by subtracting the amount a piece may be made 
smaller than specified (indicated by a minus sign 
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RECOMMENDED DIMENSIONING 
«^0R A CHAMFLR 

1/16 X 45° ^ 

CHAMKER V ^ 




OPTIONAL METl-'OD "-3o 
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Figure 30. Methods of dimcDMoning chamfers. 
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in fiont of the permitted variation). Figure 31 
shows how the limits of a piece are determined. 

12-21. Tolerance is the total amount of varia- 
tion permitted. You can determine it b> adding the 
amount a part may be made larger to the amount 
it may be made smaller. In figure 31 the tolerance 
is 0.005 inch. When a piece may be made only 
larger or only smaller, it has a unilateral tolerance, 
as shown in figure 32. When the piece may be 
made either larger or smaller, it has a bilateral tol- 
erance. Figure 33 illustrates how bilateral toler- 
ances are shown when they are unequal. When 
they are equal, they are often shown as illustrated 
in figuie 34. 

12-22. AUo^vance is the intentional difference 
between mating parts. K the mating pans have 
clearance between them, the allowance is positive. 
When the part is larger than the hole it goes in, the 
allowance is negative. The term "allowance" is 
also applied to excess stock deliberately left on a 
piece of material to be further machined to ♦he 
final size. For example, a part that is to be heat 

SPECIFIED 

SIZE \ MAXIMUM PERMITTED INCREASE IN SIZE 

1 950^ J 

I - 003^ 1 

MAXIMUM PERMITTED DECREASE IN SIZE 
1 952 & 1 947 ARE THE LIMITS 

53-3) 

Figure 31. Limits. 

treated is usually made oversize and is ground to 
the final size after heat treating. This excess stock 
is called grinding allowance. 

12-23. Holes and threads. You will be required 
to drill, countersink, counterbore, and tap holes, 
and to machine threads. We will explain these op- 
erations later in the course. To do these operations, 
you must be able to "read" the drawing and recog- 
nize these operaticxis by their illustrations. 

12-24. The following are some of the guides 
used for dimensioning holes: 

a. The depth of blind holes is given. The depth 
does not include the drill point. 

b. Countersunk holes have the included angle 
and diameter of the countersink given. 

c. The abbreviations C'Drill (counterdrill), 
C'Bore (counterbore), and C'Sink (countersink) 
are used along with the size of the hole. Figure 35 
shows the methods used to represent various types 
of holes and the methods used to dimension them. 

12-25. Threaded holes and shafts may be illus- 
trated as they actually appear, as shown in figure 
36, pait A; by the conventional method, part B; or 
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PERMITTED OVERSIZE 
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002 
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Figure 32. Unilateral tolerance. 
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Figure 33. Unequal bilateral tolerance. 



by the simplified method, part C. In any case, the 
diameter of the thread, the number of threads per 
inch, the thread series, and the class of fit are 
given, as illustrated in figure 36, to the right of 
part C. The abbreviation LH is used following the 
thread designation for left-hand threads only, for 
example, 1/2-1 3-NC-3-LH. 

13. Geometric Construction 

13-1. To make an accurate shop drawing of a 
part or to lay out work, you must know how to 
construct geometric figures. In this section we will 
explain how to construct and divide lines, angles, 
and arcs, using only a pencil, a straightedge, and 
dividers. You will then be able to apply this 
knowledge in the construction of any geometric 
figures that you may need in drawing and in layout 
work. Dividers are illustrated in figure 37. 

13-2. Bisecting Lines. To bisect a line (divide 
into two equal parts), use the ends of the line, 
points A and B in figure 38, as pivot points for the 
dividers and draw arcs greater than one-half of 
line AB that intersect on each side of the line. A 
line drawn between the points of intersection of 
the arcs, points C and D, bisects the line AB and 
also ij perpendicular to it. 



.950 + . 003 



Figure 34. Equal bilateral tolerance. 
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13-3. Bisecting Arcs. To bisect an arc, use 
the ends of the arc, points A and B in figure 39, as 
pivot points, and using a radius greater than one- 
half of arc AB, draw arcs that intersect at C and 
D. A line drawn between points C and D bisects 
arc AB. 

13-4. Bisecting Angles. Using any desired ra- 
dius and point A in figure 40 as a pivot point, 
draw arc ED. With the same divider setting, and 
points E and D as pivot points, draw arcs that in- 
tersect at point O. A line drawn from point O to 
point A bisects angle CAB. 

13-5. Trisecting Right Angles. To trisect a 
right angle (divide into thr''^' equal angles), use 
point B in figure 41 as a pivot point, and any de- 
sired divider setting, and draw arc DE. Then, 
using the same setting and point D as the pivot 
point, draw an arc that intersects arc DE at point 
F. Using the same setting and point E as the pivot 
point, locate point G. Lines drawn from points F 
and G to point B trisect angle ABC. It must be re- 
membered that this method works only on a right 
angle. 

'3-6. Erecting a Perpendicular from a Point 
off a Line. Using puiiit P as a center and a radius 
greater than the distance from P to line AB, as 
shown in figure 42,A aiid B, draw an arc which in- 
tersects the line at points C and D. With points C 
and D as the pivot points, draw arcs which inter- 
sect at point E. You may use a radius longer than 
distance PF, as in figure 42,A, or shorter than PF, 
as in figure 42,B. A line drawn from point E 
through point P and extended to line AB, as in fig- 
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1/4 DRILL 
3/B DEEP 



^ 1/4 DRILL 



FOR BLIND HOLES 



FOR THRU HOLES 



.1/6 DRILL 
1/4 DEEP 
C DRILL 1/4 
1/8 DEEP 

.1/6 CiRiLL THRU 
1/4 DRILL 
1/8 DEEP 
C DRILL 1/2 
3/16 DEEP 
1/4 DRILL 
1/2 DEEP 
C SINK 60° TO 3/8 DIA 



FOR CONCENTRIC HOLES 



FOR DRILLING AND 
COUNTERDRILLING 



FOR DRILL AND COUNTER SINK 



LENGTH OF DRILL POINT = DRILL DIA x 30043 FOR STD D«>I»L OF llB^ 
INCLUDED ANOLE 

NOTE DRILL NUMBERS OR LETTERS SHALL NOT BE GIVEN ON THE 
DRAWINGS 
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Figure 35. Dimensioning hoJes. 



ure 42,A, or drawn from point P to point E, as in 
figure 42, B, is perpendicular to line AB. 

13-7. Erecting a Perpendicular from a Point 
or a Line. Using point P, as shown in figure 43, 
as a pivot point, and with the divio s set at any 
desired radius, draw arcs that intersect line AB at 




points C and D. Using points C and D as pivot 
points, and with the dividers set at a radius greater 
than one-half of distance CD, draw arcs that inter- 
sect at point E. A line drawn from point E to point 
P IS perpendicular to line AB. 

13-8. Dividing a Line into Equal Parts. You 
can divide a line, such as AB in figure 44, into any 
desu-ed number of equal divisions by drawing a 
line, such as BC, at any angle from point B. With 
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Figure 36. Dimensioning threads. 
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Figure 37. Using dividers. 
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Figure 38. Bisecting a line. 

the dividers set at any desired setting, step off the 
desired number of divisions on line BC. Connect 
the last division mark, point C, and point A. Lines 
drawn parallel to line AC and through each of the 
division marks on line BC divide line AB into the 
desired number of equal divisions. 

13-9. Constructing a Line Parallel to a Line. 
With the dividers set at the desired distance from 
line AB, figure 45, and using any two points on 
line AB as pivot points 1 and 2, construct arcs 
(the farther apart points 1 and 2 are, the more ac- 
curate the results will be). Line CD is drawn tan- 
gent to the arcs and is parallel to line AB. 

13-10. Constructing an Arc Tangent to Inter- 
secting Lines. With the dividers stt at the desired 
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Figure 40. Bisecting an angle. 

radius, construct parallel lines to intersecting lines 
AB and BC, as shown in figure 46. Using point E 
as a pivot, the desired arc is drawn, which is tan- 
gent to the original lines. 

13-11. Constructing an Arc Tangent to a 
Straight Line and a Circle. With the dividers set 
to the length of the radius of the circle, as in AB in 
figure 47, plus the length of the desired radius 
(BF), construct arc EF, using the center of the 
circle as a pivot point. With the dividers set to the 
desired radius (BF), construct a line parallel to 
line CD and extend it to intersect arc EF. Using 
point E as a pivot point, and with the dividers set 
to the desired radius (BF), construct the arc tan- 
gent to the line and the circle. 
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Figure 39. Bisecting an arc. 



Figure 4 1 . Trisecting a right angle. 
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Figure 42. Erecting a perpendicular through a point off a Vnt. 




13-12. Constructing an Arc of a Given Radius 
Within a Right An^e. With the dividers set at 
the desired radius, and using point A as a pivot 
point, draw an arc which intersects the sides of the 
right angle, such as angle CAB in figure 48. With 
the same divider setting and using poinis E and D 
as the pivot points, draw intersecting arcs which 
locate point F. Using point F as the pivot point, 
construct an arc having the desired radius tangent 
to both sides of the right angle. 

13" 13. Constructing Regular Hexagons. A reg- 
ular hexagon is a figure having six equal sides and 
equal angles. Draw the horizontal centerline of a 
circle, and using point O, as in figure 49, as the 
pivot point, draw a circle of the desired diameter. 
Leaving the dividers set to the radius of the circle 
and using points 1 and 4 as pivot points, draw arcs 



Figure 43. Erecting a perpendicular from a point on 
a line. 



locating points 1, 6, 3, and 5. Draw chords con- 
necting points 1 and 2, 2 and 3, 3 and 4, etc., to 
form tJie sides of the regular hexagon. 

14. Handfools 

14-1. Many people tnmk that handtools are so 
simple that no one needs to bother pointing out the 
right and wrong way to use them. The truth is that 
"more tools are ruined by abuse than are worn out 
by use." In this section we will discuss the care 
and use of common and metal cutting handtools. 

14-2. Care Of Tools. The proper storage and 
care of tools are the marks of a true craftsman. A 
machinist wiio allows his tools to be damaged 
through neglect or carelessness is almost certain to 
do his work in the same haphazard way. The fol- 
lowing simple rules will help you to obtain the 
maximum service possible from your tools. At the 
same time, they will help you to do your job more 
easily and more quickly: 
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Figure 44. Dividing a line into equal parts. 

51 



Figure 47. Constructing an a . tangent to a straight 
]ine and a circle. 
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A 

Figure 45 Constructing a Jine paraJJeJ to a line 

a. Keep tools as clean as possible when you use 
ihem; never put one away dirty. 

b. /irrange you' toolbox so that there is a place 
for ever> thing, and keep everything in its pl-^^^e. 

r Maintain the tools properly by repairing 
damaged tools as soon as possible. Keep such tools 
as chisels and punches shiTp and free of dangerous 
burrs. 

d. Apply a light film of oi' to the tools to pre- 
vent rust. Wiping each quickly with a slightly oily 
rag will usually do the job. 

€. Restrict a tool to its intended use. 

/. Keep a checklist when you work on the line. 
Before leaving the job, make sure that every tool 
you took with you to the job is in your possession. 
M('ie than one massing tool has been located — 
sometimes disastrously — when an aircraft engine 
was started! By keeping track of your tools, you 
will help prevent FOD (foreign object damp^e). 

^. Keep your toolbox securely locked and in a 
safe place when you are not using your tools. 

14-3. Common Handtools. You are probably 
already familiar with some common handtools. 
Many persons who work with handtools daily do 
not know how to select the proper tools for the job 
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Figure 46. Constructins an arc tangent to intersecting 
lines. 
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or how to use them properly. The first handtool 
we will discuss is the screwdriver. 

14-4. Screwdrivers. Many machinists forget 
that iheie is a proper screwdriver for every job. 
Too often small screws .re driven with a large 
screwdriver and large ones with a small screw- 
driver; the result is a damaged screw slot. The 
screwdriver has only one purpose— to loosen and 
tighten screws. With its slender steel shank and 
wood or plastic handle, the screwdiiver is designed 
to take considerable twisting force or torque. But 
it is not designed to be used as a lever or prybar. 

14-5. The sides of a correctly ground screw- 
driver blade should be practically parallel; how- 
ever, most manufacturers taper the blade out to 
he shank body. A good trick is to grind the blade 
on an abrasive wheel so that the faces taper in 
very slightly ^or a short distance back of the tip. A 
screwdriver blade ground in this way will stay 
d>wn in the screw slot even "nder high torque. 

14-6. The most common types of screwdrivers 
are the cabinet, or standard, offset, close quarter, 
and cross-point, as shown in figure 50. The stand- 
ard screwdriver is suitable for most ordinary work. 
The blade tip must have sharp corners to fit the 
slot; otherwise it is likely to slip and damage the 
slot in the screwhead. It is also important that the 
screwdriver be held firmly against the screw to 
prevent it from slipping and injuring the worker or 
damaging the wc^k. The offset screwdriver is use- 
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Figure 4S. Constructing an arc within a right angle. 
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Figure 49. Constructing a regular hexagon. 

ful in tight corners where the standard straight 
type will not enter. The close quarter screwdriver 
is also useful in a similar situation. The cross-point 
screwdriver is made with a special-shaped blade to 
fit the cross-slot screws. 

14-7. Hammers. The machinist uses two types 
of hammers: the ball peen hammer and the plastic 
or rawhide faced mallet, shown in figure 51. Use 
the face of the 8-ounce hammer for striking prick 
and center punches and for other light duty appli- 
cations, and the face of the 16-ounce hammer for 
heavy-duty work. The ball-shaped peens are useful 
for peening or riveting. I^" the surface of the work 
could be damaged by using a steel hammer, use a 
plastic or rawhide mallet. Most beginners have a 
tendency to hold the handle too close to the head, 
"choking" the hammer. Holding the hammer like 
this reduces the force of the blow and makes it 
harder to hold the hammerhead upright. 

14-8. Most accidents involving hammers are 
caused by a loose head which in turn is caused by 
neglect on the part of the user. As shown in figure 
52, the hole in the hammerhead is oval shaped 
with a bellmouth at each end. The handle is ta- 
pered to fit snugly into the smaller bellmouth to 
prevent the head from slipping in the direction of 
your hand. When inserted in the hole the small 
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Figure 50. Screwdrivers. 
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Figure 51. Hammers and mallets. 

end of the taper can be spread to fill the other 
bellmouth completely by means of a steel wedge 
driven firmly into the end of the handle. Check 
the security of this wedge from time to time to se'^ 
that it is still spreading the wood so that the head 
will not slip off the end of the handle. You may on 
occasion have to lightly giind the face of the ham- 
merhead in order to keep it fiat and perpendicular 
lO the centerline or to remove dangerous burrs that 
have formed around the edges. 




Figure 52. Securing head on handle. 

rs 





ADJUSTABLE 
COMBINATION 
PLIERS 



ROUNDNOSE 
PLIERS 



DIAGONAL 
SIDE-CUTTING 
PLIERS 



LIGHT NIPPERS 

53-53 



Figure 53. Pliers. 



14-9. Pliers. The more common types of pliers 
are shown in figure 53. The various roundnose 
and flatnose pliers make it ;>ossible to bend and 
form metal in a variety of shapes or to work in 
close quarters. Side-c^Uting or diagonal-cutting 
pliers, often called dike, are used to cut soft i "^tal 
rods and wire. Never use pliers in place or a 
wrench. The teeth of the pliers will quickly mar or 
damage a nut or finished object. K you use pliers 



correctly, there is little danger of injury. Do not 
permit them to become greasy or oUy, either on 
the jaws or on the handles. If you let the handles 
become oily or greasy, your hand cannot control 
the grip, and you may skin your knuckles. Always 
grasp pliers in such a way as to exert pressure on 
the extreme end of the handles. 

14-10. Wrenches. Wrenches are tools for 
tightening or loosening nuts and bolts, or for grip- 
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Figure 54. Wrenches. 
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Figure 55. Direction of force. 

ping material such as pipe or round stock. They 
are classified as adjustable, socket, open-end. pipe, 
and Allen wrenches, as shown in figure 54. Figure 
55 shows the correct way to use an adjustable 
wrench. Always keep the movable jaw on the side 
toward which the wrench is moving. 

14-11. Open-end wrenches are solid, nonad- 
justable wrenches, with openings in each end. 
About ten open-end wrenches are commonly 
found in a toolbox. The openings vary from %6 
inch to 1 inch in width. The size of the openings 
between the jaws determines the size of the 
wrench. The smallest wrench in the ordinary set 
has a 5^^fi-inch opening in one end and a %-inch 
opening in the other. Because of this combination 
the wrench is called a Slfi-%-inch open-end 
wrench. These figures refer to the distance across 
the flats of the nut and not to the bolt cJameter. 
Wrench openings usually measure 0.005 to 0.015 
inch larger than the nominal sizes marked on tht 
wrenches so that they will more easily slip on and 
off boltheads and nuts. The smaller the openings 
in the wrench, the shorter the overall length. This 
proportions the lever advantage of the wrei?ch to 
the size of the bolt or stud. With a given amount of 
pull on a wrench, a short length produces less 
twisting or torque. It also reduces the possibility of 
shearing the bolt or stud or stripping the nut. 

14-12. Open-end wrenches have their heads 
and openings set at an angle to the body (offset). 
Most are designed to be offset about 15^, but 
some wrenches are designed for a 22.5^ offset. 
This design helps in working in close quarters. An 
elementary trick is to "flop" the wrench after 
every stroke; flopping is turning the wrench over 
so that what had been the upper face is now the 
lower face. The angle of the head is reversed to fit 
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the next two flats of the nut. Flopping makes it 
easier to loosen or tighten a nut. You can turn a 
nut even when the swing of the wrench is limited 
to 30^ 

14-13. Some special types of open-end 
wrenches have the angle of opening set at 75''; 
others are set at an angle of 90"*. There are also 
special thin open-end wrenches which have extra 
long handles that permit working in narrow 
spaces. Never use this type of wrench for any job 
that requires much torque; the handles are not de- 
signed for heavy leverage. 

14-14. The best feature t. ut box-end 
wt'snches is that they can be used in close quarters. 
They are called box-end wrenches because they 
box or completely surround the nut or bolthead. 
Box-end wrenches usually have 6 or 12 notches or 
points arranged in a circle. A 12-point box-end 
wrench can be used to loosen or snug up a nut 
with a minimum handle travel of only SO"*, 
wheicas a 60^ swing would be necessary in an 
open-end wrench. Another advantage of the box 
wrench is that there is little or no chance of a 
wrench slipping off the nut or bolt. If the corners 
of a hex-headed nut or bolt are damaged so that a 
12-point box-end wrench slips when pressure is 
applied, a 6-point box-end wrench should be used 
because of its better gripping power. 

14-15. Adjustable-jaw wrenches have one sta- 
tionary jaw and one adjustable jaw. The length of 
the handle determines the size of the wrench. For 
example, a 6-inch adjustable-jaw wrench has a 6- 
inch handle, although the jaws open to only % 
inch. As the length of the handle increases, there is 
a proportional increase in the size of the opening 
of the jaws. The adjustable wrench is used fre- 
quently; however, it is not intended to take *ae 
place of standard open-end, box end. or socket 
wrenches. 

14-16. The 50cte wr^/ic/z helps greatly in mak- 
ing work easier. There is great variety of socket 
wrenches for every possible use and position. One 
thing to keep in mind in using socket wrenches is 
that they should never be overstressed. Never use 
an extension on a socket wrench handle to in- 
crease torque. Always use , socket that is big 
enough for the job. Use the correct drive size. The 
drive size refers to the size of the square boss used 
to turn the socket. Do not be in such a hurry that 
you use a socket with a V^-inch drive when, by 
taking only a minute longer, you can find a socket 
with a %.inch drive that is built especially for a 
heavy ^-b. Socket wrenches normally have 12 
points but some of them have 6 points. Tlie advan- 
tage of the 12-point socket over the 6-point socket 
is that the 12-point can be swung only half as far 
before it can be refitted for another grip on a nut. 
For this reason, it can be used in close quarters. 
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Figure 56. Machin' t vise. 



By contrast, a 6-point socket holds the nut better, 
offering less chance of damage to the nut or bolt- 
head. 

14-17. Torque wrenches a^e calibrated tools 
used to measure the force of pull (pounds) when 
you -^re tightening nuts or hose clamps or checking 
the breakaway torque of various driving t nits. The 
torque is expressed m either inch-pounds or foot- 
pounds. There are two basic types of torque 
wrenches; indicating and breakaway. As its name 
implies, the indicating type indicates the amount of 
torque being applied, either on a dial or by means 
of a pointer. The breakaway type is more com- 
monly used by the Air Force, This type automati- 
cally releases when a predetermined torque value 
has been reached. 

14-18. Allen wrenches are another type of 
wrench you will frequently use. This wrench is six 
sided, L-shaped, and designed to fit into the re- 
cessed head of a setscrew or capscrew. Either end 
of this wrench will fit into the recess, making its 
use possible where either a long or short reach is 
desirable. Allen wrenches are not designed for 
work when a fairly high amount of ♦crque is 
needed. In fact, if you apply excessive torque, a 
small Allen wrench will snap; and a larger one will 
bend out of shape and perhaps break. An Allen 
wrench should not be used it its corners are worn, 
as this condition c^n damage the recess in Ihe 
screw. A damaged recess in the screw can make 
removal of the screw with the Allen wrench diffi- 
cult or impossible. 

14-19. Machinist vise. The machinist vise, 
snown in figure 56, is commonly used to hold 
work when handtools are being employed. You 
should place soft metal inserts, called soft jaws, 
between the vise jaws and the work when you wish 
to protect the finish of the work. 

14-20. Arbor press. The arbor press, shown in 
figure 57, is not really a handtool ii the normal 
serse of the word; however, it is hand operated. 



The arbor press is a simple machine for applying 
pressure to remove shafts from gears or pulleys or 
to press a shaft <.r mandrel into a hole. It is use'i 
extensively to assemble parts, such as bushings, 
pins, and shafts which require a press or force fit. 

14-21. Metal-Cutting Handtools. The various 
metal-cutting handtools are often used for "bench 
woilc," They may aiso be used in conjunction with 
power *ools. 

14-21 Chisels. Chisels are used for chipping or 
cutting m^tal by hand when great accuracy is not 
essential and when it would be too expensive or 
impractical to set up the work in a machine. A va- 
riety of shapes are available, but your toolkit will 
contain at least a flat chisel and a cape chisel. 
Chisels are usually forged from octagonal-shaped 
tool steel containing sufficient carbon to make 
them tough enough to withstand hammering and 
hard enough to maintain a cutting edge. Chisels 
that have been sharpened correctly will cut any 
metal softer than the chisel — usuaUy, any material 
that can be cut with a file. Figure 58 shows some 
of the common types of chisels. 

14-23. Chisels should be ground with an in- 
cluded angle of 60"* to 70''. The cutting angle may 
vary between these limits according to the strength 
of the material to be cut. Chisels used on hard c: 
tough metals require a stronger cutting edge 
(70°), while a faster and cleaner cut can be made 
through softer metals with chisels ground to a 
sharper (60'') angle. If you also grind flat chisels 
to a slightly convex cutting edge, there will be less 
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Figure 58. Jsels. 



tendency for their corners to dig into the surfaces 
that are being chiseled. This method of grinding 
also focuses the impact at the center of the cutting 
edge where there is more material to withstand the 
i;traiii than at the corners. 

14-24. When you use a chisel, watch the cut- 
ting edge of the chisel rather than the head end. 
With a little practice you can soon acquire the 
knack of striking the head of the chisel without 
looking at it. By watching the cutting edge of the 
chisel, you can control the direction and depth of 
cut much better. Caution: Never allow a mush- 
room head to form on a chisel. The head end 
should be ground flat and have a beveled edge to 
prevent particles from flying off and possibly caus- 
ing injury. 

14-25. Files. The file is used for roughing out 
and finishing surfaces, shaping small parts, slightly 
reducing the size of parts to make them fit to- 
gether and removing toolmarks and burrs. They 
are often used for preparing surfaces for polishing. 
Files are manufa'^tured in many shapes and sizes. 
They ure identified by their general shape or cross 
section or by their particular use. Your toolkit will 
probably include the five files which are best for 



general machine shop work. They are the 10-»nch 
flat smooth, 10-inch second-cut half-round, 8-inch 
second-cut round, 10-inch second-cut square, and 
10-inch mill bastard. Figure 59 shows the parts of 
a file. Figure 60 shows the shapes of Pies. The 
shape is governed by the cross section. Figure 61 
shows a file cuts. Cut refers to both the coarseness 
(coarse, bastard, second, and smooth) and type of 
cut (single or double). A doujk cut file makes a 
faster but rougher cut than a singie-cut file. A 10- 
inch bastard file is coarser than an 8-L ch bastard 
because the distance between the teeth increases as 
the length of the file increases. 

14-26. Figure 62 shows the proper method of 
holding a file for crossfiling (conventional). You 
should reduce the pressure on the back stroke to 
avoid excessive wear on the teeth. Do not exceed 
30-40 strokes per minute. A higher rate may dam- 
age the file. Never use a file as a pry or hammer, 
for it is almost sure to break and injure you or 
damage the work. 

14-27. Figure 63 shows how to round a corner 
and how to do drawfiling. Drawfiling produces ac- 
curate and extremely smooth filed surfaces. Cau- 
tion: Never use a file without a file handle, as 
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Figure 59. File parts. 
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Figure 60. Various file shapes. 



r.hov/n in figures 62 and 6^ The sharp tang can 
easily penetrate your hand if the file should slip. Use 
a file brush and card, shown in figure 64, to clean 
the file and to prevent scratching the work surface 
due to "pinning'' (metal particles lodging in the file 



teeth). Be sure to clean the file often during use. 
Also, never place files in contact with each other, 
as contact can quickly damage the file teeth. 

14-28. Some of the more common types of hand 
files and their uses are as follows: 
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*igure61. File cuts. 
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Figure 62. Crossfiling. 

a. Flat files are tapered slightly toward the 
point in both width and thickness. They are dou- 
ble-cut on both sides and single-cut on both edges. 
They are available in bastard, second-cut, and 
smooth cuts and are used for all common filing 
operations. 

b. MHl files are tapered slightly in thickness 
and width for approximately one-third of their 
length. They are single-cut in bastard, second-cut, 
or smooth cut. Mill files are available with square 
edges and with one or two round edges for filin^ 
gullets between saw teeth. They are used mainly 
for sharpening mill or circular saws, edge tools, 
and machine knives. They are also used for lathe 
work, for drawfiling, and for finishing brass and 
bronze. 

c. Half-round files are not complete half-circles 
as the name implies, since the arcs are about one- 
third of a circle. They are available in nearly all 
cuts. They are double-cut, tapered in width and 



thickness toward the point, and have one flat and 
one oval side. They are used primarily for filing 
concave surfaces. 

d. Round files, often called rattail files, are cir- 
cular in cross section, are tapered or blunt, and are 
single- or double-cut. They are made in bastard, 
secoiid-cut, and smooth cut. ound files are used 
mainly to file or enlarge circular openings or to file 
concave surfaces. 

€. Square files are square in cross section, are 
tapered or blunt, and are double-cut on all four 
sides. They are made in bastard, second-cut, and 
smooth cut and are used for filing keyways, slots, 
corners, and general surface filing. 

/. Three-square files, often called triangular or 
three corner files, are triangular in cross section, 
are tapered or blunt, and have sharp edges. They 
are double-cut or single-cut and are made in bas- 
tard, second-cut, and smooth cut. They are used to 
file acute internal angles, to clear out square cor- 
ners, and to repair damaged threads. 
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Figure 64. File handle and file card. 
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g. Knife edge files are shaped like knife blades. 
They are double-cut on both sides and single-cut 
on its one edge. Knife files are made in bastard, 
second-cut, and smooth cut and are used for filing 
V-grooves and nan jw slots. 

h. Pillar files are of even width, are tapered in 
thickness, have one "safe" (uncut) edge, and are 
narrower than most hand files. They are used 
mainly for filing keyways and slots. 

/. Curved-tooth, or vixen, files are widely used 
for smooth, rapid filing of cast iron, bronze, lead, 
babbit, aluminum, zinc, plastics, and sheet metal. 
The curved teeth readily clear themselves of chips. 

/. Lead-float files are used especially for filing 
lead, babbit, and other soft metals. They have 
coarse, short-angle, single-cut teeth v/hich shear 
away the metal rapidly under ordinary pressure. 

14-29. Hacksaws. Hacksaws are designed to 
cut metal in much the same manner that a carpen- 
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Figure 65. Hacksaw frames. 

ter's saw cuts wood. You must understand the cor- 
rect use in order to cut metal efficiently with the 
least strain or damage to the saw blade. 

14-30. Hacksaw frames are constructed with 
either a pistol grip or a straight handle and with a 
solid or an adjustable frame, as shown in figure 
65. Although the solid frame is stronger, it will 
hold only one length of blade. The adjustable 
frame accommodates blades of 8, 10, or 12 inches 
in length (as measured between centers of the stud 
pinholes). In either case, you mount the blade on 
pins located on turning studs at each end of the 
frame. These free-turning studs permit setting the 
blade at a 90° angle to the normal position in 
order to avoid interference from the frame when 
you a/e making long cuts. In the straight-handle 
type of frame you adjust t^-. blade tension by 
twisting the handle clockwise. In the pistol-grip 
type, you adjust the blade tension by turning the 
wingnut. 
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14-31. You should carefully select the proper 
blade for each cutting purpose. Hacksaw blades 
are made of a high-grade tool steel that has been 
hardened and tempered. An all-hard blade is hard- 
ened throughout; a flexible blade has only its teeth 
hardened and will, therefore, not break as easily 
under bending stresses. Use an all-hard blade for 
sawing brass, tool steel, cast iron, and other stock 
of heavy cross section. Use a flexible blade for 
sawing hollow shapes and metals of light cross sec- 
tion, such as channel iron, tubing, tin, copper, alu- 
minum, or babbit. 

14-32. Set is the angle (or angles) at which the 
teeth of the blade are set to provide clearance for 
the rest of the blade in the saw cut. You will no- 
tice, if you look at the hacksaw blades in your 
toolkit, that the blades with coarse teeth have one 
tooth moved slightly to the right, the next one to 
the left, the third one to the right, etc. This is the 
standard, or alternate, set, as shown in figure 66. 
Medium-coarse teeth may be bent in a raker se' 
(one right, one left, one straight, etc.), while ^'^z- 
toothed blades usually have an undulated set 
(whole sections of teeth alternately lent to the 
right or left). Carpenters reset the teelh of their 
woodcutting saws from time to time, but when a 
hacksaw does not cut well or binds excessively 
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Figure 67. Selection of pitch. 
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are hints that will help you to speed up the sawing 
and make it easier: 

• Apply a little oil to the sides of the blade 
with your finger to reduce binding when you are 
n.aking a deep cut. 

• Take care to prevent either stripping the 
teeth or breaking the blade. Some of the causes of 
breakage are a pitch which is too coarse for the 
material, the application of too much pressure on 
the cutting stroke, the slipping of work in the vise, 
and cutting off at an angle and then trying to 
straighten the cut by twisting the saw. 

• Clamp thin stock between two pieces . f 



wood or soft metal and saw through all three 
pieces. This will prevent annoying chattering and 
Figure 68. Handtaps and tap wrenches. possible damage to the thin stock. 



from insufficient set, you discard the blade and in- 
sert a new one. You do not have to worry about 
the set of a hacksaw because it is built into the 
blade. However, your judgment in selecting a 
blade with proper pitch (number of teeth per inch) 
may well determine how quickly and easily the 
saw cuts through the material and how long the 
blade can be used. Blades are made with pitches of 
14, 18, 24, and 32 teeth per inch, as shown in fig- 
ure 67. Follow these recommendations for best re- 
sults: 

• Use a 14-pitch blade on machine steel, cold 
rolled steel, or structural steel. The coarse pitch 
makes the sawing free and fast cutting. 

• Use an 18-pitch blade on solid stock, alumi- 
num, babbitt, tool steel, high-speed steel, cast iron, 
etc. This pitch is recommended for general use. 

• Use a 24-pitch blade on tubing, tin, brass, 
copper, channel iron, and sheet metal over 18 
gage. If you use a coarser pitch the thin material 
tends to strip the teeth out of the olade and makes 
it difficult to push the saw. 

• Use a 32-pitch blade on thin-walled tubing, 
electrical conduit, and sheet metal thinner than 18 
gage. 

• Select a pitch or manage the sawing so that 
two or more teeth are usually in contact with the 
material, as you see in figure 71. 

14-33. A small notch filed at the starting point 
will help you to start the saw blade accurately. 
Apply pressure on the forward stroke and reduce 
it on the back stroke. The ease with which a piece 
of metal may be cut depends upon the speed and 
pressure applied to the saw. A cutting speed of 40 
to 50 strokes per : .inute is best since this speed 
does not tire you and also permits you to relieve 
the pressure on the return stroke. Faster speeds 
will damage thin blades because the heat generated 
draws the temper and makes the blade soft. Here 



14-34. Taps, A tap is .:sed to cut threads on 
the inside of a round hole. It is a hardened tool- 
steel screw with flutes (grooves) cut lengthwise 
across the threads to form cutting edges. The tap is 
screwed into the hole, and cutting taces formed by 
the grooves cut the thread into the wall of the hole. 
You screw a tap into the hole by using a special 
wrench to give the necessary leverage. Common 
types of handtaps are the taper, plug, and bottom- 
ing taps, as shown in figure 68. The taper tap is ta- 
pered at the end (7 to 9 threads) to aid in starting 
the thread into the hole. It is used when the thread 
runs all the way through the hole. The plug tap is 
also tapered, but for a shorter distance back from 
the end {IVz to 5 threads) After you start the 
thre^id with the taper tap, u: . a phig tap to cut to 
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Figure 69. Starting a tap. 



57 



64 




Figure 70. Dies and die stock. 

the maximum length. You may also use a plug tap 
when one end of the hole is closed. The bottoming 
tap has only one thread on the end that is cham- 
fered or beveled. Use this tap when it is necessary 
to cut a full thread all of the way to the bottom of 
a blind hole. 

14-35. A hole to be tapped is drilled with a tap 
drill first. The size of the drill depends upon the 
thread diameter and number of threads per inch to 
be cut. Drill sizes are obtained from tables found 
in any machinist handbook. Fo* example, the tap 
drill required for a 1/2-inch diimeter, 13 threads 
per inch thread is 0.4216, or 27/64 inch. Note 
that the tap drill diameter is less than the diameter 
of the thread. The end of the hole to be tapped 
should be chamfered to a diameter at least equal 
to the thread diameter. This assures more accurate 
alinement and better starting of the tap, and it will 
prevent a large burr from for ning. Three methods 
of starting a tap are shown in figure 69. Note that 
one method involves using a T-handle tap wrench 
and two of them involve using a tap and reamer 
wrench. In any case the tap should be checked for 
alinement with the hole, as shown in the lower left 
view. The tap may break if it is not in alinement 
wi^h ihe hole. 

14-36. To start a thread, use a taper or plug 
tap. Use sufficient pressure to insure that the 
threads will "catch" or start without tearing or 
reaming the top of the hole. It is important to start 
the tap straight and keep it so throughout the op- 
eration, because taps, especially small ones, will 
almost surely break if they are bent or strained. If 
the tap does not enter squarely at the beginning of 
the operation, straighten it by removing it from the 
hcle and restarting it with pressure applied in the 
direction from which the tap leans. Be careful not 
to exert too much pressure at any one time in the 
straightening process. It is safer to repeat this op 
eration a second or third time, if necessary. When 
you have properly started and alined the tap, it 
will follow and feed itself into the hole when you 
turn the tap wrench. 

14-37. Many times it is possible to tap a hole 
while the work is mounted on a drill press. The 
tapping is done immtiiately after the hole has 



been drilled, while the work is still alined under 
the spindle of the drill press. This can save time 
and effort in clamping the work and starting the 
tap straight. The tap is held in place 'vith a pointed 
rod mounted in the drill chuck or a lathe center in- 
serted in the spindle. The point of the rod o; cen- 
ter is placed in the center hole in the end of the 
tap and pressure is applied by use of the spindle. 
The tap can then be turned with a tap and reamer 
wrench or an adjustable jaw wrench. 

14-38. When you are tapping steel or any 
tough rnetal, the best method is to take a part turn 
forward, then a part turn backward to break the 
chip. Be careful to do this with a steady motion 
and turning pressure to avoid breaking the tap. 
Continue this until the hole has been completely 
tapped. Break the chips from time to time. Long 
chips may clog the flutes and tear the thread or 
break the tap. Always use a cutting lubricant to 
obtain the best results. 

14-39. Dies. A die is used to cut external 
threads. Dies are formed in hardened discs of uni- 
form size that can be clamped in a leverage-pro- 
ducing device caUed a stock. Figure 70 shows the 
complete assembly ready for use. The procedure 
for using dies is similar to that for tapping. Hold 
the work firmly in a vise and file off any burr on 
the end of the piece to be threaded. To start the 
thread, place the larger side of the opening in the 
die over the work and press down on the stock 
firmly while turning it in a clockwise direction. 
When the die teeth catch and begin to cut, pour a 
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few drops of cutting oil on the end of the work and 
continue turning as if tapping — a part turn for- 
ward, followed by a part turn backward — until the 
thread is cut to the length desired. It is important 
to lubricate the v/ork frequently. After the die 
teeth have taken hold, remove feed pressure and 
allow the threads to pull the die on the work at the 
proper rate. 

14-40. Reamers. Reamers are used to make 
holes that are smooth and true to size and for en- 



larging cored or drilled holes. We are concerned 
only with hand reamers in this section. You can 
feed hand reamers into the hole by hand by apply- 
ing a tap and reamer wrench that fits the squared 
shank. Hand reamers may be solid or adjustable, 
as shown in figure 71. The flutes may be straight 
or tapered. In reaming a hole, ream only enougji 
material to remove the marks left by the cutting 
tool during the previous operation and to get the 
hole to its specified size. The amount of material 
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Figure 73. Typical scale graduation?. 



to be removed by a reamer should not exceed 
0 015. This gives the reamer longer life between 
sharpening and produces holes of more accurate 
size. To ream steel, always use cutting oil or ordi- 
nary machine oil. Cast iron should be reamed dry, 
although many machinists use a small amount of 
kerosene or turpentine on the reamer if the cast 
iron is hard. Never use any kind of lubricant on 
soft cast iron. The helical flutes of hand reamers 
are cut left handed so that the reamer will not pull 
itself into the hole. In any case, always turn both 
straight and helical fluted reamers clockwise, even 
when you are removing them from the hole. If you 
reverse the reamer, you will mar the reamed hole, 
dull the reamer, and burr the cutting edges. In 
hand reaming, applying too much pressure will 
cause the reamer to feed in too rapidly, resulting 
in possible breakage of the reamer. If more mate- 
rial must be removed than is recommended for 
one cut, take a series of light cuts rather than one 
heavy cut. Always check the hole for size after 
each cut. 

1 4-4 1 . The solid and reamer has either 
straight or helical flutes and is tapered slightly on 
the end for greater ease in starting. A solid reamer 
is used to reanr? a hole to a basic size and is limited 
to one size of hole. The size of the reamer is desig- 
nated by its diameter measured across opposite 
cutting edges. 

14-42. There are two types of expansion ream- 
ers: solid and adjustable blade. The solid type 
has a body that is bored with a slight taper and is 
slotted. This permits a slight expension on the 
reamer end when the adjustment screw is turned. 
Limits of expansion recommended for different 
sizes are 1/4 to 15/32 inch, 0.005 inch; 1/2 to 
31/32 inch, 0.008 inch; 1 to \^%2 inch, 0.010 
inch; and 1% to 2Vi inches, 0.012 inch. Use this 
type of expansion reamer to ream holes to the 
basic size and, in addition, to produce slight varia- 



tions in size to obtain various fits. The other type 
of expansion reamer, the adjustable blade reamer, 
is probably the most efficient type for hand ream- 
ing. The cutting blades in this reamer are remova- 
ble and are cet in slots that are milled at a slight 
taper with the centerline of the reamer. These 
blades are held in position by a nut at each end of 
the blade. You can adjust the size of this reamer 
within a considerable range over or under the nor- 
mal size. Adjust the blades by loosening one nut 
on the threaded body and tightening the other. 
When a set of blades is worn out, you may substi- 
tute a new set without replacing the slotted shank. 

14- 43. The line reamer, as illustrated in figure 
71, has a pilot mounted on the fluted end to assist 
in alining the reamer as it reams two or more holes 
in line with each other. The diameter of the pilot is 
0.005 smaller than the diameter of the reame.. 

15. Measuring Tools 

15- 1. A machinist uses a wide variety of meas- 
uring tools. Some are simple in design; others are 
quite complex. Some of them are calibrated in 
thousandths and ten thousandths, while others are 
in fractions of an inch. In this section, we will dis- 
cuss scales, calipers, micrometers, vernier instru- 
ments, dial indicators, and gages. 

15-2. Scales* Scales or rules are available in 
a variety of sizes and shapes; each is especially 
adapted to certain classes of work. For instance, 
the flexible rule shown in figure 72 is 6 inches long 
by 1/2 inch wide and is made of thin (1/64 inch) 
tempered spring steel so that you can bend it p 
reasonable amount when it is necessary to take 
measurements in close quarters. Some 6-inch 
rules, on the other hand, are wider (3/4 inch) and 
thicker (3/64 inch) for use as rigid straight edges. 
Hook rules are handy for measuring through holes 
and other tight places. Ana, even though all the 
scales shown in figure 73 arc calibrated in frac- 
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use micrometers to set calipers will be evident 
after 'ou study micrometers. 

15-4. Micrometers. The smallest measurement 
you can make with the spring caliper and steel rule 
is 1/64 inch. To make finer measurements than 
these (thousandths and ten-thousandths of an 
inch), you must use a micrometer, sometimes re- 
ferred to as a mike. We will discuss three types of 
micrometers. Each micrometer is designed to take 
a particular type of measurement. Since accurate 
measurements are extremely important in machine 
shop work, we will explain in detail how to read 
micrometers. It IS QuZ ler to read a micrometer if 
you know how it is constructed. 

15-5. Outside micrometer. The outside mi- 
crometer is designed to measure external dimen- 
sions. It is used more often than any other type. It 
measures precise distances by recording the end- 
wise travel of a screw during a whole turn or any 
part of a turn of the screw. The major parts of an 
outside micron, are shown in figure 75. Since 
the thimble of a micrometer can travel a maximum 
distance of only 1 inch, larger measurements re- 
quire different frames. For example, a 2-inch mi- 
crometer has a measuring range from 1 to 2 





tional parts of an inch, y.»u can also obtain rules 
marked off in decimals or in metric measurements. 
Figure 73 shows the graduations most often used 
on scales, 

15-3. Calipers, The two tools most commonly 
used to transfer measurements from the work to a 
rule or from the rule to the work are spring-joint 
outside and ifiside calipers. As their names imply, 
they are constn .ted to take external or internal 
measurements, as illustrated in figure 74, The C- 
shaped spring at the pivot end tends to force the legs 
apart at all times. You can secure a steady and rea- 
sonably precise adjustment of the measuring points 
by screwing or unscrewing the nut located at the side 
of the caliper. You aiay take caliper measurements 
in either of two ways: (1) set th-^? calipers over (or 
in) the ob^^ct and then check the unknown meas- 
urement against a steel rule, or (2) set the calipers 
to a measurement on a steel rule and then check 
the work to see whether or not it matches the 
measurement. You ,.an set an inside caliper more 
accurately with an outside micrometer than with a 
rule. You can also set an outside caliper more ac- 
curately with an inside micrometer than with a 
rule. The increase in accuracy obtained when you 
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Figure 75. Outside micrometer. 

inches, and a ^-r micrometer has a measuring 
range from 5 to 6 incljes. 

15-6. A micrometer can measure because of 
the spindle screw. Since this scre^v has a pitch of 
40 threads per inch, turning the thimble 40 com- 
plete rev jlauons moves the spindle exactly 1 inch. 
A clockwise turn moves the spindle toward the 
anvil; a counterclockwise turn moves the spindle 
away from the anvil. You can easily understand, 
then, that a single revolution from one screw 
thread to the next will move the spindle 1/40, or 
twenty-five thousandths (0,025) of an invh 
(1.000 inch divideu by 40 equals 0.025 inch). 
Along the barrel in figure 75 you can see a figure 
2 over the eighth graduation to indicate 2/10 inch 
(8 time:. 0.025 = 0,200), xi> figure 75 the thim- 
ble has traveled no full graduations past the 
point; therefore the measurement leads 0.200 inch 
(0.200 inch as signified by the number 2) plus 
some yet unknown quantity indicated by the spin- 
dle having gone past the number 2 graduation 



Now look at the graduation on the thimble. Since 
the circumference of the thimble is divided into 15 
equal spaces, each graduation represents 1/1000 
inch (0.001 inch). With a reading of 0.200 inch 
on the barrel and a reading of 23 graduations past 
the zero point on the thimble, the final measiure- 
ment in figure 75 is two hundred twenty-three 
thousandths of an inch (0.223 inch). Figure 76 
shows some additional micrometer settings and 
readings. Study them until you are certain that you 
understand how the readings are obtained. 

15-7. In the illustrations the graduations on the 
thimble are always shown as lining up exactly with 
the revolution line. In many cases, however, you 
will not find this true in actual practice. If the mi- 
crometer does not have a vernier scale graduaied 
on the barrel, you will have to divide the distance 
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Figure 76. Micrometer readings. 



mentally between *himble graduations into tenths 
and guess at the number of ten-thousandths of an 
inch. HoweVvT, when th**. micrometer has a vernier 
scale, as shown in figure 77> you can obtain a 
more precise me^isurement, because oae of the 
thimble graduations lines up exactly with a vernier 
scale graduation. This happens because a distance 
equal tc only nine thimble divisions has been di- 
vided into ten vernier graduations — each vernier 
graduation is 1/10,0C0 inch (O.OOOl) shorter 
than a thimble division; hence, when thimble divi- 
sion 19 exactly matches the barrel revolution line, 
as shown in A of figure 77, the zero graduations at 
each end of the vernier scale exactly match a thim- 
ble graduation. This indicates a reading in exact 
thousakidths of an inch of 0.4690 inch. In figiae 
77,B, the revolution line splits the space I ^twecn 
19 and 20 on the thimble so that we have 0.469 
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Figure 78. Inside and depth micrometers. 



H- inch. Looking at the vernier scale, you find that 
line 7 on the barrel exactly matches a thimble 
graduation; thus the final reading is 0.4697 inch. 

15-8. Inside micrometer. The inside microme- 
ter is designed to measure internal dimensions. 
You use an inside micrometer, as shown in figure 
7^^,A, to measure the inside diameters of pipe, tub- 
ing, and holes and distances between surfaces. The 
measurements obtained may be just as precise as 
those obtained with an outside micrometer. How- 
ever, the nomenclature differs slightly from that of 
other micrometers, and the range of an inside mi- 
crometer is usually only 0.500 inch. The body oi 
the inside micrometer, often referred to as .he 
head, is compo'sed of the units that are called the 
barrel and the thimble of an outside micrometer. 
Fully closed, most inside micrometers are 1.5 
inches long. This prohibits the measurement ot di- 
mensions smaller than 1.5 in'^hes with most inside 
micrometers. You use extension rods of va^.ous 
lengths when measuring dimensions larger than 2 
mches. The maximun:! measurement possible is 
governed by the length of the longest extension 
rod available. The longest single extension rod in 
most sets is ^ inches; however, some inside mi- 
cromefr.:^ permit the mounting of extension rods 
oil Doth ends of the body, increasing the n^aximum 
n*easurement that can be obtained. Read inside 
micrometers in tb** same manner as you read out- 
side micrometer, except that the measurement 
must also Include the length of thf extension rod 
and the length of the body For example, using a 3- 



inch extension rod and an inside micrometer with 
a body length of 1.5 inches, you obtain a reading 
of 0.358. What is the diameter of the hole? 

3.000 Length of extension 
1.500 Length of body 
0.358 Reading obtained 
4,858 Actual measurement 

15-9. Depth micrometer. Depth micrometers 
are used to measure the depth of holes or the dis- 
tance from one flat surface to another, as shown in 
figure 78,B. The range of most depth micrometers 
is 1 inch. Extension rods ullow the measurement 
of various distances: 1 io 2 inches, 2 to 3 inches, 
etc. Extension rods a/e Installed in the thimble by 
removing the thimble cap, inserting the rod, and 
replacing the thimble cap to hold the rod in place. 
The extension rod extends through the center of 
the thimble and barrel and protrudes from the hole 
in the center of the base. The base is the leference 
surface in the same manner as is the anvil in an 
outside micrometer. The end of the extension rod 
serves as the other measuring surface, just as the 
end of the spindle does in an outside micrometer. 
A depth micrometer measures the distance from 
the bottom surface of the bass to the protruding 
end of the extension rod. With the 0- to 1-inch ex- 
tension rod installed and the thimble turned to ti.'^ 
0.003 position, the tip of the rod is flusn (even) 
with the flat reference surface of the base. With 
the 1- to 2-inch extension rod installed, the rod ex- 
tends exactly 1 inch from the base for a 0 000 
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reading. The graduations on a depth micrometer 
are reversed from those on an outside micrometer. 
The 0.000 reading on an outside micrometer is ob- 
tained with all of the graduations on the barrel 
covered by the thimble; while on a depth microm- 
eter, the graauations are all exposed for ^ 0.000 
reading. The measurement obtained with a depth 
micrometer must include the lowest value of the 
extension rod being used. For example, if a read- 
ing of 0.567 is indicated when a 0- to 1-inch rod is 
being used, the measurement is actually 0.567. If 
the same reading is obtained while using a 2- to 
3-inch extension rod, the actual measurement is 
2.567 inches. 

15-10. Care of micrometers. Micrometers are 
precision measuring tools, and they must be han- 
dled with care if ycu are to maintain their accu- 
racy. One of the greatest abuses to which you can 
subject an outside micrometer is to overtighten the 
spindle (turn the spindle too hard against th^ work 
or tne anvil). Use only enough pressure to biing 
the anvil and the spindle against the surface of the 
object. A light pressure applied with the thumb and 
forefinger is adequate. Never tighten the microme- 
ter enough to support its own weight. Many mi- 



crometers have a friction mechanism called a 
ratchet incorpor ted in the thimble. The ratchet is 
designed to slip if too much pressure is applied. A 
knurled ring, located in the frame near the spindle, 
is designed to act as a spindle lock on some mi- 
crometers. Always turn the spindle lock after posi- 
tioning the spindle; this will allow you to handle 
the micrometer without disturbing the setting. 
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Figure 80. Dial indie \tor. 




15-11. Never swing a micrometer by the thim- 
ble. When not in use, protect it with a very light 
film of oil to prevent rusting. Do not store a mi- 
crometer with the anvil and spindle closed tightly, 
as this may impair its accuracy. Keep the microm- 
eter clean and make sure that the surfaces being 
measured are free of dirt, corrosion, and buns. 

15-12. Vernier Instruments. When dimensions 
of varying lengths must be measured to tolerances in 
thousandths of an inch, the vernier caliper is handier 
to use than the micrometer. The outside micrometer 
has only a 1-inch capacity, making it necessary to 
stcck a variety of frame sizes. The vernier caliper 
capacity is limited only by the length of its scale, 
which may range from 2 inches in the pock<** type to 
12 inches or more. In addition, the vernier caliper 
may be used for both external and internal meas- 
urements, without having to use calipers to trans- 
fer the measurement. Figure 79 shows a vernier 
caliper and two other vernier instruments. One is a 
gear tooth vernier caliper. The other is a vernier 
height gage, which can be used for checking meas- 
urements or for precision layout work where toler- 
ances must be held extremely close. All of these 
instruments operate on the same principle as the 
vernier graduations on a micrometer except that 
the vernier scale is calibrated in thousandths of an 
inch. 

15-13. Dial indicators. A dial indicator, shown 
in figure 80,A, is a precision instrument which is 
used to determine the smoothness or concentricity 
of z surface. The linear movement of the spindle is 
amplified by a gear train and is translated into ro- 
tadon of a pointer over a graduated dial so that a 
spindle movement of a thousandth of an inch or 
less can be read on the dial. The scale on the dial 
reads both to the right and left of zero and thus in- 
dicates when you ha\^ properly adjusted the in- 
strument to the work. Figure 80,B, shows a dial 
indicator set up for checking an arbor. 

15-14. Gages. A machinist usually has an as- 
sortment of gages with which he can obtain certain 
measurements more quickly and easily than wuh 
general-purpose measuring tools. Figjre 81 shows 
some of the most useful of these gages. 

15-15. A center gage is used mainly in grinding 
and setting thread-cutting tools or in checking the 
angle of a lathe center. In addition, you can use 



the printed scales (marked 14, 20, 24, and 32) to 
check the pitches of the four most commonly used 
threads. 

15-16. A drill gage is a flat steel plate contain- 
ing holes of various sizes under 1/2", each 
markea with the particular size in a gage number, 
letter, fraction, or decimal equivalent. You can 
quickly determine the size of any 1/2" or smaller 
drill by fitting the fluted end into the drill gage 
holes until you find the smallest one that will allow 
the drill to enter. In addition, most diill gages also 
list information pertaining to the conect relation 
between drill and tap sizes for commonly used '^'^ • 
chine screws. 

15-17. Radius (or fillet) gages are curved tem- 
plates, usually fastened together as a group, with 
which you can check the size and accuracy of con- 
cave and convex comers. 

1 5-18. A screw pitch gage, as the name implies, 
identifies the number of teeth per inch on a screw, 
bolt, nut, pipe, or fitting. By trying to mesh the 
teeth of successive blades with the unidentified 
screw heads, you will eventually find one blade 
that fits exactly. The number on the gage blade in- 
dicates the conect thread pitch. 

15-19. A thickness (feeler) gage is a gioup of 
steel blades, each of which is accurately ground to 
a diffeient specific thickness, as marked on each 
blade, in thousandths of an inch. You can measure 
the amount of clearance or gap between adjacent 
surfaces by using either a single blade or a combi- 
nation of two or more blades. This gage is fre- 
quently called a feeler gage because the accuracy 
of measurement depends upon a skilled sense of 
touch or feel. 

15-20. A telescope gage can be used in places 
in which a micrometer or a vernier caliper would 
be awkward to handle. With it you can quickly 
and accurately obtain the inside measurements of 
slots or holes. This T-shaped tt ^\ consists of an 
adjusting handle and two plungers, one telescoping 
into the other, which can be locked by turning a 
knurled screw. Although the gage is not calibrated, 
you can easily read the measurement obtained by 
checking the telescope gage with a micrometer or a 
vernier caliper. When the telescope gage is too 
larjje, you can use a small hole gage to measure 
small holes or slots. 




ERLC 




66 



73 



CHAPTER 4 



Introductory Machine and Bench Work 



'T^HIS FINAL chapter in Volume 1 covers 
^ basic information that you need in order to 
perform nearly all machining operations. It also 
covers the two most simple machine tools; the 
power hacksaw and the drill press. We will explain 
the machinability of metals, the use of cutting lu- 
bricants, the power hacksaw, the di 'A\ press and its 
operations, drill grinding, and layout and bench 
work. 

16. Machinability of Metals and Cutting 
Lubricants 

16-1. The machinability of a metal is the ease 
with which it can be cut or machined. Some metals 
are more easily machined than others. Of course, 
the cutting tool must be hard than the metal 
being machined. Cutting lubr or coolants, 

are used to make the machining of metals easier. 

16-2. Machinability. Many factors determine 
the machinability of a metal, st .h as its composi- 
tion and grain structure and the heat treatment it 
has undergone. Some metals, such as aluminum 
and magnesium, are naturally more machinable 
than others. When the composition of a metal is 
changed by adding alloying elements, its machina- 
bility may change. When a large amount of sul- 
phur IS added to carbon steel, it is easier to 
machine and is known as a free-cutting or free-ma- 
chining alloy (SAE^llOO group). Adding tung- 
sten, chromium, or nickel ha:, the opposite effect, 
and the alloy formed is more difficult to machine! 
Some grain structures have a lower shear strength 
than others. This makes them machine more eas- 
ily. When the grain structure is changed by adding 
alloying elements or by heat treating, the machina- 
bility IS changed also. A piece of hardened steel 
has a grain structure that is more difficult to ma- 
chine than the same piece after being annealed. As 
a general rule, nonferrous metals are easy to ma- 
chine, the most notable exceptions being titanium 
and nickel. 

16-3. Metals can be rated according to their 
machinability, and this is sometimes done, but in- 
dustry generally has not found it practical to de- 
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velop machinability ratings as an aid to the ma- 
chinist. From experience and testing, it has been 
found that different groups of metals should be 
machined at speeds which fall within different cut- 
ting foot speed ranges. We will explain cutting foot 
speed in the sections on the power hacksaw and 
the drill press. The recommended cutting foot 
speed range is 80 to 110 for low carbon steels, 60 
to 80 for medium carbon steels, and 50 to 60 for 
high carbon steels. These speeds emphasize the 
fact that the harder it is to machine a metal, the 
slower the speed at which it is machined. Cutting 
foot speeds for all types of metals are listed in Ma- 
chiner/s Handbook and in any machuiist hand- 
book. The machinist compensates for differences 
in the machinability of metals by regulating the 
speed at which a cutting tool cuts the metal and 
the rate at which it is fed into the work. Other fac- 
tors that you must consider are the type of ma- 
chining operation, such as drilling, boring, or 
reaming, and ♦he type of cut, such as rough or fin- 
ish. 

16-4. Catting Lubricants. If we were to make 
a list of machine shop villains, heat would be near 
the top. Heat causes cutting edges to fail, tools to 
dull, and poor finishes to be produced. Heat is 
produced by friction; thus, if we can reduce fric- 
tion, we can help to pievent a temperature rise. 
Also, if we can remove the heat that is present, we 
can operate machines at faster speeds and obtain 
better results. 

16-5. Cutting lubricants help to reduce the fric- 
tion between the cnip and the cutting tool, which 
reduces the amount of heat generated. These lubri- 
cants also help to cool the tool, thus lengthening its 
life, and the work, which prevents arpage, by 
carrying away the heat. They also in prove finish 
and wash away chips. Flooding the work and tool 
with the cutting lubricant will usually give you the 
best results. High pressure is usually not required; 
a large volume of oil or coolant is more desirable, 
as shown in figure 82. Flooding is often noi practi- 
cal, however, because the machine is not equipped 
with a coolant pump or the process is too messy. 
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Figure 82. Application of coolant. 

In such an event, apply the cutting oil to the work 
with a brush or oil can. Be sure to apply the cut- 
ting lubricant as close to the cutting edge of the 
tool as safety will permit. Use the cutting lubri- 
cants recommended in chart 9 for a given metal 
and machining operation. 

16-6. Lard oil has been a favorite cutting lubri- 
cant in the past, but it tends to become rancid with 
age. Other types of fatty oils, such as peanut oil or 
olive oil, are often used. Fatty oils are often used 
for threading operations. Lard oil and other fatty 
oils are recommended for machining copper or 
copper alloys, since the more chemically active oils 
may stain the work. 

16-7. Sulphurized oils are mineral or fatty oils 
with sulphur added. These oils are nearly black in 
appearance and have a strong odr The sulphur 
helps to reduce friction and prevents the welding 
of the chip to the tool. The sulphur forms a sul- 
phide film on the surface of the work. This film 
has a low shear strength which reduces friction. 
These oils are excellent when cutting pressures are 
high. 

16-8. Chlorinr^ ^d oils have about the same 
properties as sulphurized oils plus the added ad- 
vantage of being lighter bodied. This makes ^^em 
better coolants and "wets" the w >rk and tool bet- 
ter. Chart 9 give? recommended I'lbricants for var- 
ious metals and applications. Chloiinated oils form 
a chloride film, which produces the same results as 
a sulphide film. Avoid letting moisture come in 
contact with chlorinated oils. Hydrochloric acid 
may be formed, which may damage the work or 
the machine or injure you. 

16-9. If cooling the work and the tool were the 
only requirement, water alone would be suffic"ent; 
however, water causes corrosion. To avoid this, 
use a soluble oil mixture instead. Soluble oil con- 
sists of a cutting oil and a substance that allows it 
to mix with water. This provides excellent cooling, 
provides some lubrication, and prevents the forma- 
tion of corrosion. 



16- 10. Before you operate 2fiy type of metal- 
working machine, check to see whether or not the 
coolant reservoir is filled with the proper coolant. 
Take care to prevent the coolant from draining on 
the shop floor and creating a safety hazard, espe- 
cially when you are sawing flat stock, pipe, or tub- 
ing. The coolant tends to travel along the top of 
flat stock and to drain onto the floor. Flace flat 
pieces of scrap stock across the material to divert 
the coolant into the saw. Place containers under 
the ends of pipe or tubing to catch any coolant 
which mey flow through. 

17. Powor Hacksaw 

17- 1. Before you can make or repair a part, 
you must have one or more pieces of metal of the 
correct length. Most metal stock received in the 
shop is in lengths that are much too long to be 
used "as is" and must be cut off to the length of 
the individual parts. This is usually done with a 
power hacksaw. Therefore, you should have a 
knowledge of the power hacksaw and its opera- 
tion. 

17-2. Description. It would be impossible to 
describe every make of power hacksaw used by 
the Air Force; however, each has certain charac- 
teristics in common with the others, and information 
that applies to one make usually applies to others. 
Do not be discouraged if the machine being de- 
scribed is different from those in your shop. If you 
can identify and understand the functions of the 
major components of one make, you can easily lo- 
:ate and identify their counterparts on a different 
make. The following information pertains to the 
major components of a typical power hacksaw. Re- 
fer to figure 83 for the location and illustration of 
these parts. 

17-3. Base. The base of the saw usually con- 
tains a coolant reservoir and a pump for conveying 
the coolant to the work. The reservoir contains a 
series affles which cause the chips to settle to 
the bo .1 of the tank. A table which supports the 
vise ana the metal being sawed is located on top of 
the base. 

17-4. Vise. The vise is adjustable so that var- 
ious sizes and shapes of metal may be held. On 
some machines the vise may be swiveled so that 
stock may be sawed off at an angle. The size of a 
power hacksaw is determined by the largest piece 
of metal that can be held in the vise and sawed. 

17-5. Frame. The frame of the saw supports 
and carries the hacksaw blade. The machine is de- 
signed so that the saw blade contacts the work 
only on the cutting stroke. This action prevents 
unnecessary wear on the saw blade. The cutting 
stroke is usually the draw or back stroke. Many 
machines have a device that automatically turns off 
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Chart 9 
Cutting Lubricants 



Metal 


Turning 


Milling 


Drilling 
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Aluminun . 


Mineral Oil 
with 10% 
Fatty Oil 


Soluble Oil 


Soluble Oil 


Lard Oil 


Alloy Steel 


Sulphurized 
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10% Lard Oil 
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Mineral Oil 


1 1 


30% Lard Oil 
70% Min. Oil 


Brass 


Mineral Oil 
with 10% Fat 


Soluble Oil 


1 1 


10% to 20% Lard 
Oil with Mineral 
Oil 


Tool Steels 


25% Lard Oil 
with 75% 
Mineral 


Soluble Oil 


1 1 


25% to 40% Lard 
Oil with Mineral 
Oil 


Low Carbon 




Soluble Oil 
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• 1 


Copper 


Soluble Oil 
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Soluble Oil 
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1 1 
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Iron 


! 1 






Soluble Oil 
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Dry 


Dry 


Magnesium 


10% Lard Oil 
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Mineral Oil 


Mineral 
Seal 0. 1 


Light 

Mineral 

Oil 


/o ijarc! Uii 
with 80% Mineral 
Oil 


NOTE Never use soluble oil when machining magne 
Water causes magnesium to burn more intensely. 


sium. 



the feed and returns the frame to .he up position 
when the work is sawed through. 

17-6. Speed change mechanism. The shift lever 
allows the number of strokes per minute to be 
changed so that a variety of metals may be sawed 
at the most effective speeds. Some saws have a 
diagram on them showing the number of strokes 
per minute when the shift lever is in different posi- 
tions; others are merely marked "M," and 



"S" (Fast, Medium, and Slow). Caution: On 
most saws the motor must be turned off before the 
siiift lever is moved. The sav/ may be damaged if 
this is nut done because the transmission is not 
synchfomesh. 

17-7. Adjustable feed clutch The adjustable 
feed clutch is a ratchet and pawl type mechanism 
that is coupled to the feed screw. The feed clutc' 
may be set lo a desirtd amount of feed in tur 
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Figure 83. Power hacksaw. 



sandths of an inch. Because of the ratchet and 
pawl action, the feed takes place at the beginning 
of the cutting stroke. The clutch acts as a safety 
device and permits slippage if too much feed pres- 
sure is put on the saw blade. It may also slip be- 
cause of a dull blade or if too large a cut is at- 
tempted. This slippage helps prevent excessive 
blade breakage. 

17-8. Power Hacksaw Operation. To saw with 
maximum efficiency and to reduce blade breakage 
and wear, ( 1 ) the sawing speed must be correct, 
(2) the work must be properly ^-ositioned and se- 
cured, and (3) the correct saw blade must be 
used. Since you will use the power hacksaw for 
nearly every job you do in the shop, you should 
thoroughly understand its operation. 

17-9. Speed and feed. Selecting the proper 
speed and feed for sawing is important. If the saw 
is operated too slowly, time is wasted; if too rap- 
idly, the saw blade wears excessively or it may 
break. Remember, however, that the condition of 
the hacksaw may require operating it at lower 
speeds and feeds than those recommended. 

17-10. The speed (number of strokes per min- 
ute) of the hacksaw is determined by the type of 
metal being machined. A rule of thumb is: the 
harder the material, the slower the speed. Chart 10 
gives the recommended speeds for various types of 
metals. Caution: Never attempt to saw hardened 
steel. The blaie may snap, causing possible injury. 

17-11. d is the distance the teeth penetrate 
the metal ^;r stroke. It is usually stated in thou- 
sandths of an inch. For example, if the feed is set 
at 0.010, the depth of the saw cut is increased 
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0.010 inch on each stroke. Improper feed is one of 
the most frequent causes of hacksaw blade failure. 
If the feed is too light, it can cause rapid dulling of 
the blade teeth. The use of too heavy feeds cause 
blade breakage, chipped out teeth, or crooked 
cuts. Chart 10 lists the recommended feeds for 
various metals. 

17-12. Power hacksaw blades. Power hacksaw 
blades come in a variety of pitches (number of 
teetli per inch) and thicknesses. The thickness of 
blades varies from 0.030 inch to 0.100 inch. The 
thicker blades are intended for heavy duty applica- 
tions involving heavy feeds. Hacksaw blades vary 
in pitch from 2Vi teeth to 18 teeth per inch. A 
blade having 14 teeth per inch is a good choice for 
general work. An 18-pitch blade is preferred for 
sawing tubing and pipe. Blades with a pitch of 6 to 
10 teeth can be used effectively with aluminum 
and brass. Coarse-pitched blades are u«ed on softer 
materials and fin-pitched blades on harder ones, 
but never less than 3 teeth should be -n con- 
tact. If the pitch is too coarse, the teeth may strad- 
dle the metal and be ripped off. When a hacksaw 
blade is replaced, the new blade must be placed 
under tension by tightening the blade tightening 
nut. If insufficient tension k applied, the blade will 
not saw straight, or it may break. The teeth must 
race in the direction of the cutting stroke. Note: 
After you replace a worn or broken blade on a 
partially sawed job, do not attempt to saw with a 
new blade in the original cut. The new blade will 
usually stick and be damaged or broken. The work 
should be tnrued over and a new cut should be 
started from the opposite side. 

17-13. Holding work. Work to be sawed :jhould 
be held by the vise. Before the vise is tightened, 
determine the location of the cut by measuring 
from the teeth of the blade to the end of the mate- 
rial or by alining a layout line with the edge of the 
saw teeth. Be sure that the cut is not made on the 
wrong side of the line. Because c "runout' (the 
blade not sawing straight down), 1/16 inch extra 
length should be lef* on the work piece to enable 
the ends to be machined square. Long or heavy 
pieces of stock must be supported near the ends by 
workstands so that the cut is made perpendicular 
to the work axis. If the stock does not extend the 
full length of the vise jaws, a piece of scrap of the 
same size is placed at the opposite end of the vise. 
This prevents the vise jaw from tightening un- 
evenly and possibly working loose. 

17-14. When a rectangular piece is sawed, the 
widest side should be parallel to the saw blade. 
This allows the maximum amount of material to 
be removed per stroke and spreads the wear over a 
greater number of teeth. !f identical pieces are to 
be sawed from several bars of metal, it is often 
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Figure F4. Horizontal handsaw. 

possible to clamp several pieces at once in the vise, 
thereby saving time. 

17-15. Most saws have ^ work stop, such as the 
one shown in figure 83. This is a device that may 
be swung up and clamped at any desired distance 
from the saw blade. Identical pieces may be sawed 
by merely sliding the stock into contact with the 
stop gage and clamping the vise. This eliminates 
the need to measure or lay out eacii piece sepa- 
rately. 

17-16. Horizontal Bandsaw. The horizontal 
bandsaw shown in figure 84, is not a power hack- 
saw. Some machine shops may not have a power 
hacksaw, but may have a horizontal bandsaw, 
which uses a saw band in the form of an endless 
band. It derives its name from the fact that the 
band travels horizontally, except where it passes 
around two wheels that are mounted on the saw 
frame. Rollers and guid^^s twist the blade so that 
the teeth are correctly positioned for cutting. The 
endless saw blade provides a continuous cutting 
action and distributes the wear on the teeth evenly 
along its entire length. Since th kerf (the groove 
made by the blade) is very nar v because of the 
thinness of the saw blade, less st^ck is wasted with 
this type of cutoff saw than with any oiher type. 

17-17. Machine Lubrication. Before operating 
any piece of machirery, you shoula lubricate it. 
Failu "5 to lubricate machinery can cause rapid and 
costly breakdown. The correct type of lubricating 
oil to use can be found in technical orders, opera- 
tor handbooks, or on the information plate located 
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on the machine. Follow these recommendations 
carefully: 

(1) Check all dipsticks and gages and maintain 
the oil at the proper level. 

(2) Use progressive lubrication; start at one 
point on the machine and meth'^Jically work your 
way completely around it, being careful not to 
overlook any oil cups, oiling holes, or covered lu- 
bricating points. TTiis will prevent missing any 
places that shou^ be oiled, a mishap which may 
easily occur if yoa use a hit and skip system. 

(3) Avoid overlubricacion. A few drops of oil 
applied weekly does more good than flooding the 
machine once a month. 

(4) Immediately wipe up any oil that has 
spilled or which runs out of the oiling points. This 
helps to keep the machine clean and also to pre- 
vent possible injury caused by persons ^.Ipping on 
oily spots. Use only covered metal containers in 
disposing of oily rags. 

18. Drill Press Work 

18-1. Look at all of the metal objects that you 
can see around you; most of them contain one or 
more holes. Because most tiole drilhng in AF ma- 
chine shops is done on drill presses, it is important 
for you to know about them. 

18-2. Types of Drill Presses. There are many 
types of drill presses, but we will discuss only the 
three general-purpose types most commonly used 
in the AF. They are tne sensitive, the plain, and 
the heavy duty. 

18-3. Sensitive. Sensitive drill presses are de- 
signed to drill very small diameter holes at very 
high speeds. They do not have power feeds. The 
operator feeds the drill into the work by hand and 
can "feel" the cutting action taking place. These 
drills may be bench or floor Miounted, although the 
bench type is probably the more commonly used. 
Tht size of a sensitive drill is designated as the 
maximum diameter of work it is capable of drill- 
ing. For example, a 10-inch drill press would be 
cap^'^le of drilling a hole in the center of a piece 
of work 10 inches in diameter. 

18-4. Plain. Plain drill presses are used for light 
and medium type work. The floor-mounted type, 
shown in figure 85, is found in many Air Force 
machine shops. The bench type, such as the one 
shown in figure 86, is also quite common. Some of 
these types are designed so that the drill may be 
fed by power. The sizes of plain drill presses are 
designated in the same manner as for sensitive 
types. 

18-5. Heavy-duty. Heavy-duty drill presses arc 
similar to plain drill presses except thai they are 
more massive and rigid. They are intended for 
drilling large, heavy types of work. They are floor 
mounted, equipped with power feed, and usually 



operate at lower speeds to permit large diameter 
holes to be drilled. The same size designation used 
for sensitive and plain drill presses is used for 
heavy-duty types. 

18-6. Construction of a Drill Press. Although 
they may differ in details, all drill presses are simi- 
lar in construction. Most of the parts are common 
to all makes of machines. A knowledge of these 
parts and their uses will be helpful to you when 
you are working with your particular machine. 
Refer to figure 85 for illustrations of these com- 
mon features as they are being discussed. 

18-7. Base. The primary purpose of the base is 
to support the machine, but additional uses are 
sometimes made of it. Some drill presses have T- 
slots machined ip the base so that objects may be 
fastened to it when the size, shape, or weight of 
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Figure 85. Floor-mounted drill press. 
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Figure 86. BencIi>mounted drill press. 

the item prevents using the table. Heavy-duty drill 
presses frequently have a coolant reservoir located 
in the base. 

18-8. Column. The co^jmn is fastened to the 
base and supports the table arm and the head. It is 
usually cylindrical, bui the heavy-duty type is 
often rectangular. Sometimes a column is made in 
two sections, with cylindrical bottom and rectan- 
gular top portions, such as the one shown in figure 
85. Ways are sometimes machined in the column 
to act as a guide for the movable head. 

18-9. Head. The head of the 'rill press carries 
the sleeve, spindle, and feed gears and is bolted 
perman'^ntly in place on many models. However, 
the head of some types can be adjusted vertically on 
machined ways located on the column. A counter- 
weight located within the column and connected tc 
the head with a chain is often used to balance 
movable heads. 

18-10. Spindle, The spindle revolves within the 
spindle sleeve. The cutting tool or drill check is in- 
serted in the lower end of the sleeve. 

18-11. Spindle sleeve. The spindle sleeve, 
which contains the spindle, does not revolve but 
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moves up and down. Pressure applied to the 
sleeve, either by hand or by power, causes the cut- 
ting tool to advance into the workpiece a few thou- 
sandths of an inch per revolution. 

18-12. Table. The table of the drill press is 
supported on an adjustable arm nn the lower sec- 
tion of the column. Most tables have T-slots ma- 
chined in them to allow vises, clamps, or the work 
itself to be fastened to them. Heavy-duty types 
sometimes have a trough around the edges to col- 
lect cutting oil or coolant and to guide it back into 
the coolant reservoir. 

18-13. There are four methods by which you 
may adjust a table for position, such as the one 
shown in figure 88: 

a. Raise or lower the supporting arm and table. 
This provides for work of different heights. 

ft. Swing the supporting arm horizontally ap- 
proximately 90^ to either side of center. This al- 
lows you to swing the table out of the way when 
you are machining work mounted on the base. 

c. Pivot the table at its center and revolve it 
horizontally 360°. Some tables, such as the one 
shown in figure 89, do not have this feature. 

d. Tilt the drill press table to the right or left 
90*^ by loosening the table arm tilting clamps. This 
enables you to drill holes at any desired angle to 
the work surface. 

18-14. Holding Devices. Satisfactory results 
can only be obtained when the c» ting tool and the 
workpiece have been properly secured. Improper 
tooling or work setups can damage the to' the 
work, or the machine and can result in injury to 
you. Thus a knowledge of tooi and work holding 
devices will help you produce acceptable work and 
reduce the possibility of y^ur being injured. 

18-15. Toolholding devices. The spindle of a 
drill press has a tapered hole in the end which is 
used to hold a cutting tool or a drill chuck. This 
hole is usually reamed to one of the standard 
Morse tapers, and you can insert a tool having a 
tapered shank with the same Morse taper directly 
into the spindle hole. When you use a taper, it au- 
tomatically alines the tool with the hole, and the 
wedging action of the taper holds the tool in place. 
To prevent taper shanked tools from slipping, a 
tang on the end of the shank, such as those shown 
in figure 87, fits into a slot in the spiiidle. )^1ien 
the tool shank is smaller than the sp idle hole, 
socket reducers, shown in figure 87, which are also 
called drill sleeves, can be used to provide the 
proper fit. You may need more than one reducer, 
however, to fit very small shanks to larger holes. 

18-16. Tools having straight shanks are held by 
a drill chuck, shown in figure 87. Drill chunks 
have three self-centering, movable jaws that grip 
the tool shank. You tighten and release the jaws 
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D. KFYWAY 

E. TANG 

F. DRILL CHECK 



Figure 87. Socket reducer and drill chuck. 

by means of a drill chuck key. Caution: Never 
leave the chuck key in the chuck. The spindle hole 
and the mating parts must be free of chips or burrs 
to insure that the cutting tools run true. 

18-17. Tapered shank tools are removed from 
a drill sleeve or drill spindle with a drill drift. A 
regular drift, figure 88, part A, is a narrow, flat 
strip of steel with one tapered end. Insert it into 
the keyway with the taper against the tang of the 
tool and gently tap it with a hammer to remove the 
drill or drill sleeve. A safety drill drift, figure 88, 
part B, has a movable handle which is slid forcibly 
Lgainst the end of the drift blade, eliminating the 
need for using a hammer. Caution: To prevent 
possible damage, never allow the tool being re- 
moved to drop against the drill table or workpiece. 

18-18. Workholding devices. To properiy 
mount the v oik, you may use various holding and 
clamping devices. Work may be held in drill press 
vises, or cla*^iped and bolted to the drill press 
table. 

18-19. The drill press vise is the most com- 
monly used work-holding device. Figure 89 shows 
two typical d'-'ll press vises. The work is usually 
supported on parallels to prevent holes fror ' cing 
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Figure ^8. Using drill dnfts. 
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FOR SMALL WORK 
Figure 89. Drill press vises. 

drilled in the vise. After tightening the vise jaws, 
seat the work firmly on the parallels with a lead 
mallet. When you do rough work, you may substi- 
tute pieces of wood for the parallels. A (irill press 
vise is normally used whenever the size and shape 
of the object to be held will allow it. 

18-20. When the workpiece cannot be held in a 
vise, you v/ill have to clamp it to the drill press 
table. Only a few of the many sizes and shaoes of 
clamps are shown in figure 90. Figures 91 ana 92 
show some typical work setups using clamps. Note 
the use of blocks placed under the ends of the 
clamps. These blocks should be the same height as 
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Figure 90. Common clamps. 
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Figure 91. Work clamped to table. 

the portion of the workpiece that the clamp con- 
tacts to insure that the clamping pressure is prop- 
erly applied. 

18-21. Three types of holddown bolts are com- 
monly used to fasten objects to the drill press 
table: the cutaway T-bolt, the square head, and 
the tapped block and stud. The cutaway T-bolt, 
shown in figure 93, has an advantage over the 
square-head type in that it does not have to be slid 
in place all the way from the end of the T-slot. It 
can be dropped into the slot at any location and 
then turned 90° for use. Advantages of the tapped 
block and stud over the other types are its increased 
strength and variety of uses. It can be adapted to 
any size of job by using studs of any desired length. 
Bolts should be located approximately one-third of 
the distance from the work to the clamp leveling 
block. ^ 

18-22. Feed and Speed. Correct feed and speed 
are necessary because incorrect feed and speed re- 
sult in poorly drilled holes, wasted time and mate- 
rial, and damage to the cutting took or equipment. 
However, no hard-and-fast rules oe given re- 
garding the correct feed and speed to use. You 
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Figure 92. Work olampcd to table. 
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Figure 93. Holddown bolts. 

must take many factors into consideration, such 
as: (1) the hardness of the metal; (2) the depth 
of the hole; (3) the size, type, and condition of the 
cutting tool; (4) the operation heing done; (5) the 
condition of the machine; (6) the work setup; and 
(7) the type of cutting lubricant being used. The 
actual feed and speed that you use will be y^ur de- 
cision, after all Uie factors have been considered. 

18-23. Feed. Feed is the distance the cutting 
tool advances into the work per spindle revolution. 
Wlien you are using hand feed, you must apply 
enough pressure tc maintain a cutting action with- 
out forcing the drill. You should drill the hole, and 
not "punch" it out. Applying, too much pressure 
chips the cutting edges and may even split the drill 
along the web. When the drill begins to emerge, 
you should reduce the pressure to prevent the 
work from "climbing up" the drill; this is espe- 
cially true when you are drilling very thin pieces. 
Chart 11 gives the recommended feeds when 
power feed is used. The desired rate of feed is 
usually obtained by positioning levers according to 
a chart fastened to the machine. Most machines 
must be turned off before the feed selection levers 
are moved to avoid damaging the gearing. 

18-24. Speed. The speed of a drill press refers 
to the number of revolutions per minute (RPM) 
of the spindle. It is necessary that you know how 

Chart 11 
Drill Feeds 



TABLE or FEEDS 


OKILL SIZE (INCHES) 


FEfcO (PEK KCV) 


1/8 AND LESS 


00! TO 002 


\)\ TO i/i 


UOZ TO 0G4 


1/4 TO 1/2 


004 TC 007 


1/2 TO < 


.007 TO 019 


1 ANO LAftflCft 


019 TO 029 
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Chart 12 
CuTTiNO Foot Speeds 



MATERIAL 


CUTTING FOOT SPEED 


- H 

T nw PARRmsI STFIFIL 
L^\y W \^ r\. r\ D w IN »-j x£jxl»j-i 


80 TO 110 


MFinTTTM CARBON STEEL. 

XVX Xl^ l'*' X w XVX V> X\ Xi/ XiX X ^ X X-J X-J X_J 


60 TO 80 


T4Tr;i4 PARRON TOOT STTTTrT 


50 TO f)0 




50 TO 60 


STAINLESS STEEL 


30 TO 4C 


^OFT CA^T IRON 


100 TO 150 


T4ARn nRTT T FD CA^T IRON 


70 TO 100 


X/fAT TFARTF IRON 


80 TO 90 

w V/ X vy / V/ 


O D r^TTVT A D V R R A '^'^ A TSI H R R ON 7 F 


700 TO ^00 


HIGH- TENSILE BRONZE 


70 TO 150 


MONEL 


^ 40 TO 150 


. ^UMINUlvI AND ITS AL^ fS 


200 TO 300 


MAGNESIi^M AND ITS ALLOYS 


250 TO 400 


BAKELITE 


100 TO 150 


WOOD 


300 TO 400 




NOTE: CARBON STEEL DRILLS SHO^tlD BE RUN AT SPEEDS OF 


FROM 40 TO 50 PERCENT SLOWER THAN THOSE GIVEN 


ABOVE. 




' 
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to detc:inine speed to use for drilling and *:en 
how to set the inachine to obtain the desired kPM. 

18-25. As a drMl rotates, a pomt located on its 
outer surface (periphery) travels a certain dis- 
tance in 1 minute of time. The exact distance trav- 
eled depends upon the aistance around the drill 
(circumference) and the speed of its rotation 
(RPM). When this distance ^ changed from 
inches to feet, it is called the /ace fo^ t ^pccu 
(SFS). It has been determined ^ iigh experience 
and experiment that various rit.. is machine best 
when i specific SFS is maintained. This desir'^d 
SFS is Known as the cutting foot speed (CFS). 
Chart 12 gives the CFS for various materials. The 
lower CFS is generally used for drilling and rough 
mau.ining operations. The h gher CFS is ordinar- 
ily used for finishing operations. 

18-26. Since a cnangc ol drill diameter results 
in a change c circumierence, the RPM must be 
changed in orcer to obtain a desired CFS For ex- 
ample, a drill 1/2 inch in diameter has a circumfer- 
ence one-half a:. gre'\t as a drill 1 inch in diameter 
and revolves twice as fast as the latter to obtain 
the sa. ie CFS. You can see ♦hat you must take the 
diameter of the drill into c dderation when you 
are calculating the spindle k M to use. The most 
practical formula for determining spindle speed is: 



RPM - 



4 X CFf 
drill diam^'ter 



For example, if you were to drill a 1/2-inch hole in 
low carbon steel, ihe formula would be as follows: 



RPM = 

RPM = 
RPM - 



4 X 80 (the CFS for low carbon steel) 
0.500 (the decimal equivalent of 1/2 inch) 
320 
0.500 
640 



76 



18-27. The method that yon use to obtain 
the desired RPM depends upon the type of drill 
press you are usin^^ iome machines u^e a gear 
train lO' -^ted in the drill head to provide the var- 
ious spindle speeds. You change the speed by posi- 
tioning speed-change levers in accordance with a 
speed chart which is located on the drill head, low 
must turn off most machines before moving the le- 
vers. 

18-28. Many machines use a step cone pilley 
and belt system to provide various speeds. Figure 
94 shows a typical pulley and bell system. On this 
type of machine, by moving ehe belt from one pair 
of pulley steps to another with the spindle-speed 
change crank, you can select four spindle speeds. 
This type of machine must be operating when you 
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F.'sure 94. Step cone puJJeys. 




Figure 95. Center finder. 

move the belt. Some machines, such as the bench 
driil press in figure 86, must be turned off. On the 
latter type of machine, tilt the motor to relieve the 
tension on the belt and move the belt bv 'land. 
Many drill presses have high- and ^^w -speed 
ranges, which provide four additional speeds. On 
these drill presses you select the desired sp'^ J 
range either by movin a shift lever to the high- or 
low-range position or, rn some machines, by posi- 
tioning an electrical switch to the desired range 
setting. 

18-29. Drill Press Operations. A variety of jobs 
can be done with a drill press, snch as drilling, 
countersinking, counter boring, spot facing, ream- 



ing, and tapping. These operations are done quite 
frequently ill any machine shop, and you will find 
the following information of great value to you 
throughout your career as a machinist. 

18-30. Drilling. Drilling is the process of origi- 
nating a hole by means of a twist drill. You can 
obtain good results only when you have followed 
the proper drilling practices. 

18-31. The accurate locating of a drilled hole 
depends upon the accuracy of the layou' and the 
proper positioning of the work under the drill. We 
will cover layout work, including locating the cen 
ter of holes, in Section 20. Use a center finder to 
help locate the work under the spindle. Figure 95 
shows one typr of center finder that can be locally 
manufactureu. Place the ^ ^nter finder in the drill 
chuck and position it so u^at the point barely 
clears the surface of the work. Adjust the drill 
p ess table until the intersection of the layout lines 
or the punchmark is directly below the point of the 
center finder. Check *he alinement by viewing the 
work and center finder from at least two positions 
approxir tely 90° apart. 

18-32. After you have correctly positioned the 
woiV under the spindle, center drill i*. Do this with 
a combination drill and countersink, which is often 
called a cent ;r drill, as shown in figure 96. The ta- 
pered portion of the hole guides the drill and keeps 
it centered. If the final drill is very large, you may 
find it necessary to use one or more lead drills. A 
lead drill, 50. letimes called a pilot drill, is any drill 
that is slightly larger than the thickness of the web 
of the next drill to be used. In addition to keeping 
the final drill centered, a lead drill also reduces the 
power that you need drill the hole. You should 
use cutting oil and remove the drill from the h jle 
frequently, expecially when you are drilling, a 
small diameter hole or h very deep hole. This 
"backing out" of the drill clears the chips from the 
hole and prevents drill breakage. It also allows the 
cutting oil to reacii uie cutting edge of the drill, 
where it does the most good. 

18-33. Suppose j'ou have to drill a hole in a 
piece of metal. First, lay out and center punch the 
location of the hole. Dependin,' jpon the size and 
shap^ of the work, mount it in a vise or clamp it to 
the t^. t Hext, install a center finder m the drill 
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Figure 96. Combination drill and countersink (center drill). 
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Figure j1. Countersink and countersunk hole. 

chuck, and aline the punchmark under it. Now re- 
place the center finder with a center drill. Set the 
machine for the correct spindle RPM, which is 
based on the center drill diameter and the metal's 
cutting foot speed. You can now start center drill- 
ing. 

Note: Stop the machine and check to insure 
that the location c .he hole is correct. Reposi- 
tion the work if necessary, then resume center 
drilling, using some cutting lubricant. 

Center drill deep enough to insure that the drill 
will start correctly, but do not allow the counter- 
sink portion to exceed the diameter of the drill you 
are going to use. Replace the center drill with the 
drill you are going to use, makiug suie that it is 
sharp and correctly ground for the metal being 
drilled. Start drilling the hole, using hand feed, 
while you apply cutting lubricant. Remember to 
back the drill out occasionally to prevent chips 
from clogging the drill flutes. This may cause the 
drill to jam in the hole. If the hole is to be r'rilled 
completely through the meta), reduce the feed 
pressure as the drill begins to brer^k through, to 
prevent damaging the drill. 

18-34. Countersinking. A countersink is used 
to enlarge the end of a drilled hole with a large 
enough chamfer to enable a countersunk (sh^ii'ow 
cone shape) bolt or screwhead to lie tlush with, or 
just below, ihe surface of the work. It can i Iso be 
used to chamfer a hole prior to tapping threads. 

18-25. The countersink has teeth milled on its 
cone-shaped end at standard included angles of 
82** and 100°, as shown in figure 97. If you don^t 




Fi; jrc 98. Countcrborc and ^ountcrborcd hole. 



have the correct size countersink, y3U can grind a 
drill to the required angle to serve as a substitute. 

18-36. Assume that you need to drill and coun- 
tersink a hole in a cover plate that is to be secured 
with a countersunk flathead machine screw. You 
would first lay out the location of the hole that is 
to be drilled and countersunk. Select a drill that is 
a few thousarJths larger than the diameter of the 
screw shank, al.ie it over the work, and drill the 
hole. Replace the drill with the proper size coun- 
tersink. The countersink should be larger in diam- 
eter than the head of the screw. For best results, 
the RPM of the countersink should be slower than 
that used to drill the hole. You should aNo use a 
cutting lubricant. Begin the countersinking opera- 
tion, using hand feed. If chatter occurs, reduce the 
speed. Raise the countersink clear of the hol^ and 
stop the drill press. Check the size of the co mter- 




Figure 99. Machine reamers. 



sunk portion by inserting the correct size screw 
into the hole. Continue countersinking the hole 
until the screwhead is flush with the surface of the 
work. 

18-37. Counter boring. It is often necessary to 
enlarge the end of a drilled hole to receive the head 
of a bolt or screw. Use a counterbore, shown in 
figure 98, when it is necessary to make a cylindri- 
cal-shaped enlargement at the surface of a drilled 
hole to -ex:eive a fillister-head screw. Counter- 
bores have interchangeable pilots to fit drilled 
holes and have a large flat bottom cutting section 
to make the cylindrical enlargement. 

18-38. The counterbore is ''n end-cutting tool 
with three or more straight or spiral teeth relieved 
at the end to form cutting edges. The sizes of 
counterbores are ^icsignated by the diameter of 
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Chari 13 
Drill Sizes 



Size 


Decimal 




Decimal 




Op c i m ^ 1 


Equivalent 


Size 


Equivalent 


Size 


Eauiva.lpnf 


1/2 


0. 500 


3 


0 213 


3/32 


0. 0938 


31 /64 


0. 4844 


4 


0. 209 


42 


0. 0935 


15/32 


0. 4688 


5 


0. 2055 


43 


0. 089 


29/64 


0. 1531 


6 


0. 20^ 


44 


0. 086 


7/16 


0. 4375 


13/64 


0. 20^1 


45 


0. 082 


27/64 


0. 421Sr 


7 


0. 201 


46 


0.081 1 


Z 


0. 413 


8 


0. 199 


47 


0. 0785 


13/32 


0. 4062 


9 


0. 196 


5/64 


0. 078 1 


Y 


0. 404 


10 


0. 1935 


48 


0. 076 


X 


0. 397 


1 1 


0. 191 


49 


0. 073 


25/64 


0. 3906 


12 


0. 189 


50 


0. 070 


W 


0. 386 


3/16 


0. 1875 


51 


0. 067 


V 


0. 377 


13 


0. 185 


52 


0. 0635 


3/8 


0. 375 


14 


0. 182 


1/16 


0. 0625 


U 


0. 368 


15 


0. 180 


53 


0. 0595 


23/64 


0. 3594 


16 


0. 177 


54 


0. 055 


T 


0. 358 


17 


0. 173 


55 


0. 052 


S 


0. 348 


11/64 


0.1719 


3/64 


0. 0469 


11/32 


0. 3438 


18 


0. 1695 


56 


0. 0465 


R 


0. 339 


19 


0. 166 


57 


0.C43 


Q 


0. 332 


20 


0. 161 


58 


0. 042 


21/64 


0.3231 1 


21 


0. 159 


59 


0.041 


P 


0. 3-3 


22 


0 157 


60 


0. 040 


O 


0. 316 


5/32 


0. 1562 


61 


0. 039 


5/16 


0. 3125 


23 


0. 154 


62 


0. 0 38 


N 


0. 302 


24 


0. 152 


l63 


0. 037 


1 19/64 


0. 2969 


25 


0. 1495 


64 


0. 036 


M 


0. 295 


26 


0. 147 


65 


0. 035 


L 


0. 290 


27 


0. 144 


66 


0. 033 


9/32 


0. 2812 


9/64 


0. 1406 


67 


0. 032 


K 


0. 281 


28 


0. 1405 


1/32 


0.0312 


J 


0. 277 


29 


0. 136 


68 


0. 031 


I 


0. 172 


30 


0. 1285 


69 


0. 0292 


H 


0. 266 


1/8 


0. 125 


70 


0. 028 


17/64 


0. /656 


31 


0. 120 


71 


0 0?b 


G 


0. 2fal 


32 


0.116 


72 


0. CZ^' 


F 


0. 251 


33 


0. 113 


73 


0. 024 


E-1/4 


G. Zt;0 


34 


0.111 


74 


0. 02?-} 


D 


0. 246 


35 


0. 110 


75 


0. 0?A 


C 


0. 242 


7/64 


0. 1094 


76 


0. 02G 


B 


0. 238 


36 


0. 1065 


77 


0.018 


15/64 


0. 2344 


37 


0. 104 


1/64 


0.015o 




0. 2 34 


38 


0. 1015 


78 


0.016 


1 


0. 228 


39 


0. 0V95 


79 


0.0145 


2 


0. 221 


40 


0. 098 


80 


0.0135 


7/32 


0. 2188 


41 


0. 096 
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the body and the pilot. For example, a 3/8-16 
N.C fillister-head capcrew would have a body size 
of 3/8 inch, with a head size of 9/16 inch. In order 
to counterbore a hole to accommodate this screw- 
head, the pilot cf the counterbore would be 0.372 
inch in diameter a* J the body would measure 
0.565 inch. The diameter of the body is usually 
0.003 to 0.005 inch larger than the standard size 
of the hole to be counterbored. For example, a 
counterbore for a Vi-inch hole may be from 0.503 
to 0.505 inch in diameter. The bodies of counter- 
bores fall into three general types: sol^d, removable 
pilot, and inserted blade. The pilot acts as a guide 
in centering the body of the counterbore over the 
hole to be worked. The diameter of the pilot is 
usually from 0.001 to 0.002 inch undersize to pre- 
vent it from enlarging the drilled hole If the pilot 
is too large, it will bind in the hole. If it is too 
small, it will cause the tool to cut oversized or ir- 
regularly shaped holes. 

18-39. Assume that yo.i have to drill and 
counterbore a hole to a specified diameter and 
depth. First, lay out the work, and drill the hole to 
the required diameter. Replace the drill with a 
counterbore of the correct diameter that has the 
correct size pilot. The counterbore RPM should be 
one-half to two-thirds of that for a Jrill of the 
s".inc diaitieter. A cutting lubricant should be used. 
Using hand feed, begin counteiboring. Check the 
depth of the counterbore frequently with a depth 
scale or depih micrometer, depei. img upon the ac- 
curacy required, until you reach the desired depth. 

1 8-40. Spot facing. Holes in work arc sometimes 
"spot faced," to remove surface irregularities and to 
provide a smooth flat surface that is square with 
the hole — and on which to seat a washer, screw, or 
bolthead. You spot face with ^ counterbore. 

18-41. Reaming. Reaming a drilled hole is an- 
other operation that you may do on a drill press. 
Reaming is necessary because of the difficulty of 
drilling a hole to an exact diameter. Consequently, 
when you require great accuracy, you should first 
drill the hole slightly undersize, then ream it. Ma- 
chine reamers can have eitner a straight shank, so 
that it can be held in a drill chuck, or a tapered 
shank with a tang, so that it can be held directly in 
the spindic of a drill press. The speed used Tor ma- 
chine ^-earning is approximately one-half the nor- 
mal drilling speed. A cutting lubricant should al- 
ways be used. Machine reaming is not as accurate 
as hand reiming and the finished product is not as 
smooth. Caution: Hand reamers can be ruined if 
used in a machin<* 

18-42. A reamer is a fluted cylindrical side-cut- 
ting tool which is used to size drilled holes to pre- 
cise diameters. They are also used to produce 
holes that ire round, smooth, and straight. The 
teeth are unequally spaced around the body of the 



reamer to prevent chatter. Reamers with spirally 
cut teeth are more desirable than those with 
straight-cut teeth. They produce a slightly smoother 
and more accurate hole. This is because of the 
extra shearing action that the spiral flutes lend to 
the teeth. There are two types of machine reamers 
commonlv used for reaming on the drll press. They 
are the rose reamer and the fluted chucking reamer. 

18-43. The rose reamer has no clearance on 
the lands, since it does all its cutting with end teeth 
that are beveled at an angle of 45° and backed off 
as shown in figure 99. Since the rose rea**ier cuts 
only on the end, it has a slight back taper of about 
0.001 inch per inch of length to reduce friction. 
The rose reamer does not cut a particularly smooth 
hole, as it has a tendency to gather stock on the 
cylindrical surface of the teeth. Intended mainly as 
a roughing reamer, it is sometimes made a few 
thousandths of an inch undersize. It will then be 
followed by a fluted chucking reamer or a hand 
reamer to finish the hole to size. The amount of 
metal that may be removed with a rose reamer 
langes from 0.005 to 0.015 inch and sometimes lo 
as much as 0.030 inch for roughing purposes. 

18-44. The fluted chucking reamer, on the 
other hand, has clearance or relief along the entire 
length of its sule-cutting edges or lands. It is used 
for finishing holes that are smooth and true to size. 
Since fluted chucking reamers have a greaier num- 
ber of teeth and thinner lands than rose reamers, 
as yon can see in figure 99, they are intended for 
removing only small amounts of metal in order to 
accurately size and finish a hole. The amount of 
metal removed by this type of reamer usually var- 
ies from 0.003 to 0.005 inch, with 0.010 inch <is 
a maximum. 
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Figure 100. Twist drill. 
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18-45. Tapping. To save time and insure ac- 
curacy, many holes are tapped immediately after 
drilling, while the work is mounted on the drill 
press. One method of tapping in a drill press is to 
use a hand tap and wrench. Holes to be threaded 
must be drilled t laller than the tap size. Select the 
proper size drill by referring to a tap drill chart, 
which can be found in machin. Js publications, such 
as Machinist's Handbook. If no chart is available, 
you can determine the correct size by applying the 
following formula: 

Tap drill size = O.D. ~- 



N 



O.D. is the diameter of the tap, and N represents 
the number of threads per inch of the tap. Then 
use the closest standard drill size. After drilling the 
hole, chamfer it with a countersink to a diameter 
no smaller than the diameter of the tap. Place the 
tap in the dri"ed hole, with a center finder inserted 
in the center hole on the shank end of the tap. Th*.n 
apply downward pressure through the drill press 
spindle as you turn the tap with a tap wrench. Be 
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Figure ' M Bo^V pirts of a twist drill. 



sure to use the proper cutting lubricant. As you 
turn the wrench, apply pressure with the hand feed 
lever, but don't apply too much pressure, or you 
will break the tap. Occasionally, turn the tap back- 
ward to break the chips being formed. Release the 
spindle pressure and back out the tap. Once the 
tap begins feeding itself into the hole, eliminate the 
spindle pressure entirely. Then contmue tapping 
the hole until the tap has cut threads to the re- 
quired depth. 

19. Drill Grinding 

19-1. Drill grinding or sharpening is done on a 
pedestal grinder. Before you can sharpen drills you 
should have a basic knowledge of drills. 

19-2. DriUs* Tlie drill is one of the most used 
and abuseJ cutting tools in a machine shop. They 
frequently become dull and require sharpening. To 
be able to sharpen a drill correctly, you must be 
familiar with its parts, and know what the various 
clearance angles are and what the shape of the 
point should be. 

19-3. Series. The three common drill series are 
the number, letter, and fractional series. Only the 
fractional series is larger than half inch. The num- 
'^r series stans with number 1 (0.228 inch) zrd 
ends with number 80 (0.0135 inch). The letter se- 
ries starts with A (0.234 inch) and goes through Z 
(0.413 inch). The fractional series starts at %4 
inch and goes to 3Vi inches. Drills in this series are 
available by sixty-fourths up to 1% inches, by 
thirty-seconds up to 2V4 inches, and by sixteenths 
the rest of the way. Chart 13 lists the sizes of the 
fractional, number, and letter series drills. 

19-4. Parts. A drill consists of three main parts: 
the shank, the body, and the point. Figure 100 
shows the various parts of a diill. Refer to it as we 
discuss the various terms. 

19-5. The shank is that portion of the drill that 
is held in a chuck or spindle. Several types of 
shanks are available; hov ^er, the straight and 
taper shanks are the moic common. Most drills 
larger than V2 inch in diameter are made with 
Morse taper shanks. Sizes below V2 inch are usually 
of the straight -shank type. Fje tang (sometimes 
called the tongue) is the flat portion on the end of 
the taper shank. It fits the keyway in the holder or 
spindle an^I assists in driving and removing the drill. 
Tl.e tang is not Intended to carry the entire torque 
load. 

19-6. The body is that part oi the drill between 
the shank and the point and consist, of the follow- 
ing: 

The axis ic the longitudinal cenferline about 
which the drill revolves. 

b. The flutes of a uvist drill are the two helical 
grooves cut in the body of the drill. They produce 
free-cuttinp hps and a space for chip removal and 
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Figure 102. Huntington wheel dresser. 

provide a means for the cutting lubricant to reach 
the cutting lips. 

c. The web is the portio.i of the drill body be- 
tween the flutes. It provides strength and rigidity 
to the drill, as shown in figure 101. 

d. The body diameter is the diameter of the 
drill. It is measured across the margins just behind 
the drill point. 

e. The body clearance is the portion of the rib 
that has been c away behind each margin to re- 
duce the friction oetween the drill and the walls of 
the hole. 



19-7. The drill point is the entire cone-shaped 
portion at the cutting end of the drill. The surfaces 
are ground to form the cutting edges. 

a. The dead center, or chisel edge, is the sharp 
edge connecting the bottom of the flutes at the ex- 
treme end of the drill. It is formed by the intersec- 
tion of the cone-shaped surfaces of the point and 
should always be in exact alinement with the drill 
axis. 

b. The cutting lips are the cutting edges of the 
drill and extend from the chisel edge to the peri- 
phery. 

c. The heel of the drill is the portion of the 
point back of the lips or cutting edges. 

d. The lip clearance is the relief which is 
ground on the point of the drill extending from the 
cutting iip back tr the heel. It allows the cutting 
edges of the drill to enter the metal without inter- 
ference. 

19-8. Sharpening. The sharpening of a drili is 
a three-step operation. First the abrasive wheel 
must be prepared, then the angles to be ground 
must be determined, and finally the angles are 
ground and checked. 

19-9. Preparing the abrasive wheel. Before 
grinding a drili^ you should dress* the abrasive 
wheel, and, if necessary, true it. The terms "dress- 
ing" and "truing" are frequently confused. Dress- 
ing is the reconditioning or the abrasive surface of 
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Figure 104. OrilJ point shapes. 
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a wheel that has lost some of its cutting ability. 
This is caused by glazing or loading up (filling the 
spaces between auia^ive particles) or dulling the 
abrasive particles. Truing is restoring the abrasive 
wheel to its correct geometrical shape in relation 
to Its axis. Truing is not required as frequently as 
dressing. The Huntington type diesser, which con- 
sists essentially of a number of circular metal cut- 
ters mounted on a spindle in a holder, is the most 
commonly used type cf offhand dressing tool. Fig- 
ure 102 shows this tool in use. Here the dulled 
abrasive grains and any loading of metal or for- 
eign material are being removed so that sharp 
grains are being presented to the woik. Before using 
the wheel dresser, position the tool res. so that the 
legs of the dresser may be hooked over it, as 
shown in figure 102. Caution: Be sure that' the 
grinder has been turned off before you attempt to 
loosen the tool rest. ; Jter position>ng the tool rest, 
turn the grinder on and bring the dresser into con- 
tact with the wheel. Never stand in front of a 
grmding wheel until aftfr it has been running for 
several minutes. It may possibly disintegrate when 
It is first turned on. Also, never operate a grinder 
without wearing approved goggles or a face shield. 

19-10. Pass the wheel dresser back and forth 
across the face of the abrasive wheel until it has 
been properly dressed and trued. Too little pres« 
sure will cause excessive sparking and rapid wearing 
of the dresser cutters and should be avoided. After 
completing the dressing, turn the grinder off and 
position the tool rest not more than Vs inch away 
from the wheel surface. 
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19-11. Determining drill angles. Drills with a 
lip clerance angle of 12" to 15°, figure 103, part 
1, and an included angle of 118*^ (59*^ -f 59^ = 
118°), figure 103, part 4, are used for most gen- 
eral drilling operations on carbon and soft alloy 
steel. Hard-r materials require less clearance than 
the softer ones. Too much clearance for the hard- 
ness of the material causes a rapid breakdown of 
the cutting edge, as shown in figure 103, part 3. 
Sharper included angles give faster, smoother pro- 
duction with soft materials. Flalter points have 
longer wear on drills used on hard, tough steels. 
Drills have a tendency to "hog-in" (grab) when 
drilling brass. Grinding the face of the cutting edge 
parallel to the driJ* axis, as shown in the illustra- 
tion for brass and .oft bronze in figure 104, helps 
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Figure 105. Posittonifig a drll for grinding. 
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Figure 106. Grinding a drill. 

reduce ♦his prublem. Drills used to drill any kind 
of thin metal should also be ground this way. As 
the drill is shortened by repeated sharpening, the 
web grows thicker. Maximum ease o( penetration 
and wear resistance can be obtained by thinning 
the web to its original thickness. A "notched 
point," as shown in figure 104, is helpful when you 
drill deep holes. Figure 104 shows the recom- 
mended angles for various materials, 

19-12. Grinding and checking angles. The ac- 
tual grinding operation is relatively sin^ple. Posi- 
tion the drill for the desired cutting edge angle. 
Using your fingers below the drill as a pivot, push 
the shank down, as shown in figures 105 and 106. 
ihis grinds the cutting edge angle and the clear- 
ance angle at the san^e time. You need not rotate 
the dri!' except for very large sizes. First grind one 
cutting edge, then the other, as many times as nec- 
essary, until the gnnding is completed. Make fre- 
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Figure 107. Drill i^rinding gage. 



quent checks to insure that the proper angles and 
lengths ol cutting eHges are being maintained. 
Note: Never raise the shank of the drill higher than 
the caning edge while you are grinding, or a nega- 
tive angle will be produced. 

19-13. To sharpen a drill accurately, you must 
know how to check angles. You can check the cut- 
ting edge angle with a drill grinding gage, as shown 
in figure 107, or with the protractor head and 
blade, as shown in figure 108. You can also check 
the length of ihe cutting edge with these same 
tools. Both lips must be of equal length or oversize 
holes will be produced, or the drill may break. 
Check the clearance angle by using a clearance 
gage made of paper. Use a strip o.' paper 3 inches 
wide and 8V2 inches long. Place a mark on the 
margin VA inches from the lower side and bring the 
upper right-hand comer into contact with it, as in 
figure 103, part 2. Insert the drill in the gage and 
compare the clearance angle to the angle of the 
paper strip. 



1^ 



CHECKING DRILL VOINT 
WITH PROTRACTOR 



53 108 



Figure 108. Protractor head and blade. 

20. Layout and Bench Work 

20-1. Work Layout. You will be required at 
times to lay out work prior to machining it. Laying 
out the work is planning the work on the surface 
of the material. It is the scribing (marking) of 
lines which indicates the boundaries, centers, and 
other locations on the object so that you are able 
to machine it to the desired size and shape. The 
care with whirh you do layout will '".wcermine the 
accuracy of the finished work. 

20-2. Layout Tools and Uses. No matter what 
type of layout you do or what the object looks like, 
you will have to use layout tools. The shape of jhc 
object and the accuracy required will determine 
which tools to select. By knowing what the various 
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A. V BLOCXS 

B. SURFACE GAGE 

C. TCOLMAKERS TRY SQUARE 

D. ANo» E PIATE 

E. PROTRACTOR HEAD 



F. PARALIELS 

G. SURFACE PLATE 

H. HERMAPHRODITE CALIPER 

I. CENTER PUNCH 
J. SCniB£ 

Figure 109. Common byout tools. 



K. RULE 
L. DIVID^ J 
M. SQUARE 
N. CENTER HEAP 



tools are and what they are used for, you will be 
able to select the proper tools for laying out any 
given object. Figure 109 shows some common lay- 
out tools. The following tools are the ones most 
often used to lay out work. 

20-3. Layout compound. To lay out wor^, you 
scribe lines on a layout compound which has been 
applied to the surface of the work. A commerical 
layout blue dye is most often used. Th.s is a liquid 
that dries rapidly, leaving a glare-resistant dark 
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Figure 1 10. V-blocks. 



blue film on i\z work. Lines o^ribed through this 
film show up distinctly. Since the fluid evaporates 
rapidly, you should keep the container tightly 
closed when you are not using it. Apply a thin 
coating ^^^cause the compound tends to flake or 
produce ragged lines when it is applied too 
heavily. Common chalk is often used to lay out 
rough fi.iished surfaces. Regardless of the type of 
compound you use, keep the surface clean and free 
of oil and remove all burrs with a file or oilstone 
to prevent inaccurate measurements and possible 
injury. 
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Figure 111. Use of angle plate in layout. 
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STRAIGHT P3INT — ^ " 
Figure 112. Scriber. 

20-4. Surface plate. A surface plate, shown in 
figure 109 is usually a cast iron plate with a care- 
fully machined top surface. It is used primarily for 
layout work. Better grades have the top surface 
hand scraped to produce an absolutely flat, 
smooth surface. They are extensively ribbed to 
prevent warping. Marble is sometimes used as sur- 
face plate material. Surface plates are expensive; 
therefore, be careful to prevent damage to them. 
Here an; some of the precautions to be taken: 

a. Do not allow items to diop on the plate; 
lower them gently until contact is made. 

b. Work placed on the plate should be free of 
burrs. 

c. Place only required items on the plate. Never 
place wrenches, hammers, etc., on it. 

d. Do not p)erform hammering or punching oper- 
ations while the work is on the plate. 

e. When a surface plate is not in use, apply a 
light film of oil on it to prevent rust; and cover it 
with a heavy felt pixd, followed by a sheet metal or 
wooden cover to prevent accidental damage to the 
plate. 

20-5. Parallels. Parallels, shown in figure 109, 
are bars of stesl or cast iron that aie machined so 
that their opposite surfaces are parrallel to each 
other. Their adjacent surfaces are usually at a right 
angle to each other. Parallels are availabi*- with 
adjacent surfaces at other angles. Parallels are 
used when projections on the work prevent .set- 
ting it directly on the surface plate. They are also 
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Figure 113. Combination set. 



used when it is desirable to raise items above the 
surface and still maintain parallelism. 

20-6. V'blocks. V-blocks are used to prevent 
the rolling or moving of round stock. They have 
90° V-shaped siots on the top and bottom, usually 
of different depths, as shown in figure 110. The 
material is placed lengthwise in the slot and may 
be secured in place with a clamp, if this is desired. 

20-7. Angle plates. Angle plates, shown in fig- 
ures 109 and 111, have surfaces accurately ma- 
chined at a right angle to each other. When it is 
dcsirah'" to mount the work at a right angle to the 
surface plate, it may be clamped against the angle 
plate, as in figure 111. 




Figure 1 14. Use of square head. 

20-8, Sc iters. Sciibers, shown in figure 112, 
are used to mark layou* lines through bluing. Keep 
the point of the scriber sharp by means of an oil- 
stone so that thin, accurate lines may be dra'.vn. 
One accurate line should be made. Avoid going 
back annd forth with the scriber. This action 
usually results in a series of closely spaced lines 
which are inaccurate. Too much pressure will 
cause the scriber to scratch the surface of the 
work. 

20-9. Combination set. The combination set, 
shown in figure 113, consists of four units: square 
head, protractor head, center head, and scale, or 
"blade." With the attachments removed, the 
blade has a 12-!nch scale and may be used for 
measuring or as a straightedge. All three attach- 
ments are designed to slide along the blade and 
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Figure 1 17. Use of center head. 



clamp rigidly in any desired location. By clamping 
the square head to the blade, you can perform the 
operations shown in figure 114: scribing lines paral- 
lel to an outside edge and scribing perpendiculars 
to such lines or edges. 

20-10. Figure 115 illustrates how to check the 
height adjustment of a surface gage. The other 
edge of the square head forms a 45° angle with 
the blade for use when you need to measure or 
check such an angle; a small spirit level contained 
in the h^ad aids in leveling. 

20-11. You should use the protractor head 
when you are measuring or laying out angles other 
than 45° or 90°, as shown in figure 1 16. 

20-12. The center head provides a rapid 
method of locating the center of cylindrical and 
square objects. Figure 117 shows how, by clamp- 
ing the center head to the blade and placing the 
V-shaped opening snugly against the work, you 
can scribe a line along the inner edge of the blade 
which will pass through the center of the work. By 
rotating the work about one-quarter turn and 
scribing another line in the same manner, you 
form an intersection which marks the exact center 
of the cylindrical piece. 



20-13. Machinist's square. The machinist's 
square is used to lay out or check perpendiculars 
when more accuracy is required than the combina- 
tion square head and blade provide. In the manu- 
facture of this tool, the edges of both the bcxiy and 
the blade are carefully machined and then lapped 
to extreme trueness. Figure 118 illustrates how 
you can use the machinist's try square, as it is 
sometimes called, to test adjacent faces of a piece 
of work for squareness. You should realize that 
such a precision type tool will remain accurate 
only if you take special care of it. Do not allow the 
squaie to come into contact with other tools that 
might damage its lapped edges or distort its 90° 
setting. Clean and polish it frequently to keep it 
from corroding. Store it in a safe place when you 
are not using it. 

20-14. Surface gage. Figure 111 shows one of 
the uses of a surface gage — the scribing of hor- 
izontal layout lines. You can also use it for locat- 
ing centers in rough work or as a height gage for 
leveling work on a machinist vise or plate. Since 
both the vertical spmdle and the scriber can ^ atl- 
justed to and locked in any angular positi< vou 
can scribe layout lines on the work at any given 
height and from almost any position. Set the c^riber 
point of the surface gage to the desired height 
on the blade of the combination set, using the 
square head to hold it in the vertical position, as 
shown in f ^re 115. Use the small thumbscrew lo- 
cated near the rear of the surface gage base to ob- 
tain fine movement of the point for accurate set- 
ting. To obtain the best performance at all times 
from the surface gage, you should oil all moving 
parts so that they operate freely. When you are not 
using it, store the surface gage carefully in a safe 
place to avoid dan^iging it. 
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Figure 1 19. Vernier height gage. 

20-15. Vernier height gage. When a high de- 
gree of accuracy is desired, you may use the ver- 
nier height gage, shown in figure 119, in place of 
the surface gage. Read it in the same manner as 
the vernier caliper; it allows you to set the scriber 
point accurately to 0.001 inch. 

20-16. Ball peen hammer. You may use a light- 
weight (8 oz.) ball peen ham.ner for layout work: 
Remember, never hammer work on the surface 
plate. 

20-17. Layout punches. Although your toolbox 
usually contains a variety of punches, only the 
prick Dunch and the center punch are considered 
as layout tools. 

20-18. The prick punch, shown in figure 120, 
IS ground to an included angle of 30°. The long, 
slender point allows it to be accurately positioned 
cr the layout lines. Use it to make fine punch- 
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PRICK PUNCH^ USING A PUNCH 

Figure 120. Center punch and prick punch. 
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SPRING DIVIDERS 

33—37 

Figure 121. Using dividers. 

marks along scribed lines so :!iat their location can 
be found even though the line may be worn off. It 
is alst^ used to locate centers of holes and to pro- 
vide « pivot point for the leg of the divider in lay- 
ing out holes or radii. 

20-19. The center pun^h, shown in figure 120, 
differs from the prick punch in that its included 
angle is 60°. Use it mainly co deepen prick punch- 
marks , rior to drilling. You will have to grind the 
points of these punches frequently to keep them 
sharp. Oieck the driving end of the punch at the 
same time to see that it is flat and perpendicular to 
the centerline of the punch. Remote any danger- 
ous burrs that form around the edges. 

20-20. Dividers. In layout work you use 
spring-jointed dividers, at* shown in figure 121, to 
transfer dimensions and scribe arcs and circles 
on the work surfaces. You should ii.^pect the 
points of the dividers to make sure that they are 
sharp enough to make a clean, precise scratch on a 
met J surface. If ♦he points are dull, sharpen 
them on an oilstone by rotating the tool between 
your forefinger and thumb whiie you are iiibbing 
the points back and forth again- 1 the stone. 

20-21. Trammel points. Use trammel ^omts, 
shown in figure 12?, when you need a larger than 
noimal pair of dividers. You may position the 
pcoits along any suitabH metal or wooden bar or 





Figure 122. Trammel points. 
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Figure :23. Using hermaphrodite calipers. 




rod and use this tool as an ordinary pair of divid- 
ers. 

20-22. Hermaphrodite calipers. Although most 
calipers are considered measuring instruments, the 
hermaphrodite caliper is closer to a layout tool. It 
draws its name from the fact that it has one 
straig*^* sharp-pointed divider leg and one curved 
(oi- It) dull-edged caliper leg. You can adjust 
the^. legs for either outside or inside measure- 




ments, as you can see in figure 123, and then 
quickly scribe lines parallel to edges. You can 
also use this caliper to locate the center of a boss 
or other round projection on the piece of work by 
setting the caliper to a rough estimate of half the 
diame* - of the boss and scribing four arcs spaced 
approximately 90"" apart. A small square is formed 
around the true center of the boss. This method is 
ot recommended when great accuracy is required. 
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This workbook places the materials you need where you need them while you 
are studying. In it, you will find the Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual references with chapter exercise items without flipping pages 
back and forth in your text. You will not misplace any one of the o essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook are autoinstnictional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If yc vill 
follow the study plan given in "Your Key to Career Development,'' which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to "Your 
Key to Career Development" or your course material, use ECI Form 17, "Student 
Request for Assistance," identify yourself and your inquiry fully and send ii to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
of it to EC!. 
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STUDY REFERENCE GUIDE 

1. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume. 

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback on 
the Results After each item number on your VRE is a three c git number in parenthesis. That 
number correfponds to the Guide Number in this Study Reference Guide which shows you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be 
sent to you on a postcard which will list the actual VRE items you missed. Go to > ar VRE 
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go 
back to your textbook and carefully review the areas covered by these Guide Numbers. Review 
the entire VRE again bei'ore you take the closed-book Course Examination. 

Use th^ Guide for Follow-up after you complete the Course Examination. The CE Tes\i\tsy/ill 
be sent to you on a postcard, wnich will indicate ^^Satisfactory" or "Unsatisfactory" completion. 
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the 
Guide and diaw a line under the Guide Number, topic, and reference. Review, these areas to 
insure your mastery of the course. 
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CHAPTFR RLVILW EXLRCISES 



Vw Jollowin^ cxcn iws arc sfuJy aids Write vaur answers m pent il m the spat e provided after eai h 
exen ise Immediately after completing eat h set of exen ises, ehet k your responses against the answers for 
that set Do not submit your answers ti> / CI for graduif; 

CHAPTER ! 

Objectives To show ability to relate the duties of the apprentice machinist t.) the nietalworking career f.eld 
To explain on-the-job training procedures in the indchinist caieer ladder To demonstrate knowledge ol Air 
l orce technical publications and supply discij line To identify the various types of classilied infornriMon and 
to determine the .appropriate methods ol transmission To demonstrate an awareness of shop and tlight-line 
safetv ha/ards 

1 What IS an Air Force career field ' < l -D 



2 How man\ laddeisarein the nieialworking career I'eld * fl--^) 



> I xplain the meaning ol the numbers in AFS( { 1.4) 



4 What aie the mam dillerences between the duties and responsibihties *>! the machinist and machine 
shop leLlmi* lan * ( MO. 1 I ) 



C«>n]pare the duties ot the machinist and liic machine shop teJiniciaii wiili regjid to work and to 
setups on a hihe ( MO I l> 



^ What Is the dual channel con^epi ol ofMhe-)o^ tramii^j ' iZ-Z) 



^ *.V[)ai (liM tiuMMtls aK kept uiih ih'- jMuan s ( oiiv'lidjted 1 raiPiiii: Keloid Af f(MiiW.:V 
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10 NMikh type ot An f ouc f)ubhLahoM At i.id vou consult tor 

li \ dircctiNC with icizjid "o lIluju* m \ir Ft>rce reeiilistnient polky ' 
h An expijiijiioii inanjgcinciK |>iiruu>lcs ' 
( Instructions i>n rcpjinn^ J -^7 Uh'\ unks ' 

1 j 01 what value is ihc Index *// /m/rvt s TO 0-1-01 . to a niaLhinist'^ {3-4. 5. 6) 



12 It J tCLhniLal order nuiiiher hiuins with OOOO 00-25. or 00-75 . what is the general subject matter ol the 



> Who has pecuniarv liability in the Air Ft)rcc'* (4-2) 



14 Suuathn] The Lhict' ot the fabrication sectu>n has Signed the tool and equipment account for the 
machine shop What is the shi)p lorenian's obligation with respect to property accountability and 
rcspoiisibiiitv *' (4-2) 



1^ List the tV'O functions m the Air Force Supply System (4-3) 



16 Identify each ot the three parts of the Federal stock number 53102142877 (4-5) 



17 Why would you consult a supply classification index before researching a stocklisf^ (4-9) 



18 What IS the classification of defense information the unauthorized disclosure of which could result in 

a A situation prejudicial to the defense of the nation'^ 

b Serious damage to the nation'' 

c. Exceptionally grave damage to the nation'^ 

(5-2) 

19 Winch ot the types of classified materials can be transmitted by registered mail'^ (5-7) 
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20 Wild! type of tire extinguisher should be used for an electrical fire in a confined area'^ (6-1 1, 1^) 



21 Whv IS 11 sdter to us? u sharp chisel than u dull one ' t^)-20.t ) 



List four sources ot ddnger when you work near an operating jct engine (6-22. 2.v 25) 



23 Wliy does the Air Force use the AFTO Form ^) radiativ)n sign series rd ! her than d single form^ (6-2%-^) 



Objectives To denionstr.'te the dbility to classify metals To iden(if> jK and to exhibit knowledge of 
nietdl selection To explain the ellccts on iiietdls of various heat-tredtin^ prt)Lesses To exhibit a knowledge 
oi hardness testing, corrosion control, and nondestructive inspection methods 

1 Whdi ar the two nidin classificiiions ot metdls diid how do the> diller ^ i'7-l ) 



Whdt IS ih** diflereiico between iron .i u! 'ec! ' 



What die the nid.n qudlitios tlul drc lmi ^lcct vv hen .»liovs are ddded ' ('^-^) 



4 Whdt dlii \ IS ddded to sted to iiiciedse corrosion resist jiice |7-4(') 



5 Wlidt IS niednt by the lerm "stdinless steei"'^ (7-4/) 



f\ Win are Uuninuin dnd nidgnesiuin used so extensively in jncMt- ' tUisniiLtiun ( ^ >u, h) 



7 What extinguishing dgeiit is used tor inagnesuim fires ' (^-5/)/ 
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Wov, are inetjls idontifiod in the Air Force'^ (H-l ) 



What do liu* leiters SAl * iikmii in rcterriii^ u> met j1 idcniiticjtion" 



Wliat do the first two numbers oi a four-digit SAE number represent ' (8-6) 



Win is jn AMS nun.her more helpful to a nuchinist than a SAE number ' (8-8) 



Wliat IS the Aluminum Association number for aluminum that is 99 60 percent pn.re'' (8-13) 



What is meant by temper in aluminum'^ (8-14) 



Wh> IS the DOD master code for both ferrous and nonferrous metals helpful tc the machinist'^ (8-1 5) 



How IS the color code on each end of a piece of stock read'' (8-16) 



Wliat technical order describes the Air Force color code system'' (8-16; 



Whjt are the mechanical properties of a meta!'^ (8-18) 



How are heat-treating furnaces classified ' (9-2) 



Wliat type of furnace is most used in the AF. and why'^ (9-3 



What are the five basic heat-treating processes'' (9-5) 





ERIC 



21 Wliat steps are Ubcd in each hcat-troatrng process'' (^)-6) 

22 What two heat treat mg processes can be used on both ferrous and non ferrous materials' i^^-t) 

23 Whv should tool and chatter marks be removed from a part that is to be heat treated'^ 

24 What two publications contain information on heat-treating temperatuics and controls'' (^MO ! I ) 

25 Which hardness tester is used by the Air Force, and for what reason(«)'' ( 10-3) 

26 What is oxidation'' (10-6) 

27 What factors can increase the rate of oxidation' (10-6) 
28. Where does corrosion generally start on a metal'' (10-7) 

29 What arc some of the methods of combating corrosion ' ( 10-8, 9) 

30 What are the tlve methods presently used to perform nondestructive inspection m the Air Force'' (10-13) 

CHAPTER 3 

Objectives To demonstrate a working knowledge of shop mathematics To read blueprints and to explain the 
types and uses of mechanical drawings To explain the application of geometric construction to mechanical 
drawmg and layout work To explain the proper use and care of hand tools and measuring tools, 

1 What are some of the tasks that require the use of mathematics'' (11-1) 

2 What do the symbols 1, L, and tt represent'' (11-3) 
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Wlijt IS tlie diltoroiKO ihMvvolMI a pri)poi jnJ iiiipropci trjclioti ' ( 1 /) 



RiHitMMilC lolhn.lPl? tKKl'ons to lIlDI loUOsI kMllls l"'"! (11-7 S| 

(^4 lo ()4 32 



'VklllKMollovMni! traLlions l' + \ ''l ^ + 1 5l + (ll-^^i:) 

^ S (>4 ()4 S 2 4 t)4 



Siibnaa tno loilovMiii: tKiLtions 1-- 4- 'tI - ^ ^ - 5-- — li 1-14) 

>^ (>4 ^ J (>4 -S J 4 (i4 



MuiiipK ihc tollovMiig hjLiions -f} 4- — < -7 1 t ^ ^ v 1 1 (11-I5-17) 

H ^ 1 (1 4 ^ 4 / 4 



DniiL' the lolhnMiiL! minibcrs 4 — \\ - — "^L -L H 1 I'M 

Hi - <S _ 44 ^ 



^AU A doniiKil he Jctiiicd as j tuclioii ' (11-22) 



Ht)\v wouki \ou v^ rile \hc tolknviiig dniiensioiis in cJc< inial toini ' Tliirt\ -seven thous Miths si\ lenlhs. 
and hi {\ -one hiindredlhs (1 1-23) 



In addini: doLnnal nKMsuionuMiis \vliat is the most nnportanl step' (11-2"^) 



1 he overall dini' nsion ot a stepped shaft on a hlue(Hint is hlur:ed. vvhile the dimensions toi the lengths 
of ea^h step aie 2 2S 0 380 OISS and >4>7 What is the oveiall length ' (11-25 2^) 



I he oveiall dnnension ot a Lrankshatt is shoun on a dravMiiL! ..s ''SO. \vhile the length of the hearing 
surlaies and <.rank total 7 3^7 The loinainder 01 the shaft is threaded What is the length ol the 
threaded protion (d the shalt ' ( 1 1-2X) 



II 2 is mnltiplied b\ S ()2 hoA maris places to t he tight oMhe dec irnal point vmiI there he * (1I-2^M 
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15 If the decimal point in the divisor is moved to the right five places, how many places should it be moved 
in the dividend'^ (1 1-30) 



16 A drawing arrives in the shcp, with no overall length dimension given The seven segments have the 
following dimensions 0 312, Vs. 1 25. 4'7,6. 1 755, 4'^!,^. 2 100 '.Vhat is the overall length'^ 
(11-26,32) 



17 What IS the purpose of a blueprint" (12-1) 



18 In what ways are mechanical drawings different from artistes drawings'^ (12-4) 



19 What IS the preferred way of drawing objects for machine shop purposes, and why? (12-5) 



20 What determines the number of views necessary in a shop drawing'^ (12-9, 10) 



21 How is the front (or pnncipdl) view of an object determmed'^ (12-1 \f) 



22 What IS the main difference between center and datum lines'' (12-12a, k) 



23 What are ihe three- general groupings of dimensions'^ ( T 14) 



24 In what position are numerals and letters placed on drawing'^'^ (\2-\5h) 



25 What do tne abbreviations DIA and R refer to on a shop drawing'^ (12-16, 17) 



26 What IS meant by "limits"'^ ( 1 2-20) 
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27 How IS tolerance calculated'' (12-21) 




28 What IS the intentional difference between mating parts'^ (12-22) 



29 What do the abbreviations C'Drill, C'Bore, and C'Sink mean'^ ( 1 2-24: ) 



30 How many ways can threads be illustrated on a drawing, and what are they'' (12-25) 



31 What does the abbreviation LH mean, and where is it used' (12-25) 



32 In what way is geometric construction useful to a machinist'' (13-1) 



33. What IS the only angle that can be trisected'' ( 1 3-5) 




34 When would geometric construction be useful in dividing a line into equal parts? (15-8) 



35 What is the relationship between the sides of a regular hexagon and the radius of the circle that 
incloses it'' (13-13) 



36 Why should hand tools be gn . * coating of oi before beinp put away'' (14-1:) 



37 Why r a checklist necessary while you are working arou/.d aircraft and other equipment? (14-2) 



38 After receiving new standard screwdrivers fio'n supply, what can be done to prevent them from 
slipping out of the screw slot'' (14-5, 6) 




39 What arc some suggestions concerning the use of hammers ' (14-7, 8) 



40 If you are going to remove a 9/16 nut from a 3/8 diameter siud with an open-end wrench, what si/e 
wrench would you use, and why'* (14-11) 



41 in a standard set of 10 open-end wrenches, which wrench u the lungCi^t'' (14-11) 



42 In what degrees of offset are open-end wrenches available'* (14-12, 13) 



43 What are the advantages of box-end wrenches'^ (14-14) 



44, What IS th- size of an adjustable jaw wrench whose jaw opening is 2V4 inches and whose handle length 
is20mches'^ (14-15) 



45 ii ^u suspect a bolt will be difficult to loosen, and you have two sets of sockets, one with 1/4-inch 
drive and the other with i/r-inch drive, which size drive should you use, and why'^ (14-16) 



46 What are the types of torque wrenches, and which is in common use m the Air Force * (14-17) 
47. Why should an Allen wrench not be used when high torque is required'^ (14-18) 



48 You have to use a chisel on a piece of high carbon steel and a piece of aluminum What angles should 
be ground on the cutting edge of the chiseP (14-23) 



49. A chisel with a mushroomed head has been issued to > wli What should do about it'' (14-24) 



50. What length of file is coarser, a 10-mch or 4-inch, if both are of the same cut'^ (14-25) 
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51 Wliat safety precautions should you take in using files'^ (14-26, 27) 



52 What are the advantages and disadvantages of a solid frame hand hacksaw'^ ( 14-30) 



53 When shmild an a!!-ha/<' blade be used in a hacksaw'^ ( 14-31 ) 



54 What is the minimum number o' teeth that should always be in contact with the material at 
any time'^ (14-32) 



55 What IS the best cutting speed for a hand hacksaw'' ( 1 4-33) 



56 How do the three common types of hand taps differ*^ ( 14-34) 



57 Why should a 1/2-inch diar "ter hole not be drilled before using a 1/2 inch 13tap'^ (14-35) 



58 Wiiy should a tap be started as straight as possible*^ ( 14-3o) 



59 Why should the tap be occaMcnally turned backward as you are tapping a hole'^ ( 14-38) 



60 What are several precautions that can be used to obtain longer life between reamer shaipenings'^ (14-40) 



61 Wliy arc expansion reamers so useful to a niachinisf^ ( 14-42) 



62 When is a hne reamer used ^ ( 1 4-43) 



63 In what denominations arc srales graduated'^ (15-2) 
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64. What IS the smallest dimension that can be measured with a micrometer'' ( 1 54) 



65 What IS the smallest dimension that can be accurately measured with a 4-inch capacity outside 
micrometer'' (15-5) 



66 Explain how turning a micrometer thimble one revolution moves the spindle 0 025 inch'' (15 6) 



67 What IS the range of most inside micrometers'' (15-8) 



68 What IS the maximum dimension that can be measured with an inside micrometer ' (15-8) 



69 is there any difference between reading 0.000 on an outside micrometer and a depth micrometer'' (15-9) 



70 ',Vhat are some precautions you should take to keep your micrometer accurate'' (15-10, 1 1) 



7i What are two advantages of vernier calipers over an outside micrometer ' (15-12) 



72 If you were required to check a shaft for being out of alinement, what ioo\ should you use'' (15-13) 



73 What do center and screw pitch gages have in common'' (15-15, 18) 



74 You have found a drill whose si/e is unknown The shank fits into one si/e hole in a drill gage, and the 
flutfcd end fits into another Which hole is giving the correct si/e for this drilP (15-16) 



75 A very narrow slot is milled in the damaged part you are using as a sample to inakc a new part What 
could be used to accurately determine the width of the slot*^ (15-19) 
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CHAPll.R 4 



ObiCLtives To slio\\ jbilitv to relate the nidchirubiliiy ot metals to cutting lubruant^ To explain the u^^e of 
the power hackj^w To denumMrate a knovv ledge ol drill press work and drill grinding To explain layout and 
bench wort 

1 What IS meant by the niachinabihty ol a met^ir ( Uvl ) 



2 Nai.ie three tailors that altect the machinabilitv ot a metal ( l(v2) 



3 Wow does a machinist compensate tor ditterences in the machinability ot~ metals" ( 16-3) 



4 Hovs does a cutting luhi leant amke it easier to machine iiietaP (16-4.5) 



S Why aie ihlorinateu oils generally better cutting lubricants than sulphuri/e i oils' (16-7, 8) 



h Since water is an excellent coolant, why is it noi used alone as a cutting lubricant ' (16-9) 



7 What IS the purpose ot the haltles in a power hacksaw reservoir'^ (17-3) 



h I xplain the cutting action ot the power hacksaw (17-5) 



M Wliat are some ot the prohlems that would cause a power hacksaw clutch to slip' (17-7) 



10 What rule ot thumh is used to govern the strokes per minute ot a power hacksaw' (17-10) 



1 1 What range ot blade thickresses and pilches do power hacksaw blades come in'^ ( P-IZ) 
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2 If d power hacksaw blade breaks after cutting only lulf way through the matenaL wha: should you do 
to prevent breaking the replacement blade * (17-12) 



Why should extra length be left on mateiial be.ng cut olt in a power hacksaw ' ( |7.j3) 



U vou had to saw a piece of material that measured P2-inch \ 3-inches. how would you place it m the 
vise, and why'' (1714) 



15 When you are lubricating machines, what method should be used, and why'^ ( 17-17) 



What are the three general-purpose types o* drill presses, and what are their features ' (18-2-5) 



17 What are the three main parts of the head of a power-driven drill press'^ (18-9) 



1^^ Wliat are the four vv'ays that most drill press tables can be adjusted ' (18-13) 



I^^ Wlidt is the shape of the spindle hole of a drill press ' (18-15) 



20 What tool holder is used when a tool shank taper is too small for the spindle hole'^ (18-15) 



21 How are tapered snank tools removed from drill sleeve or spindle'' (18-17) 



22 How is work held on a drill press table'^ (1 8- 1 9, 20) 



What are the three types of bolts used to clamp work, and what are some of their advantages ' (18-21) 




14 



ERIC 



Whore should j holddow n bcU bo pljccd m uvj ' ( I S-2 1 ) 



WhJi aie some Mcps ihjl should be lakcii in t coding j dull irUo tlio work ' ( 



Tho cutniii! tool spood lango for j niatorul is 100 lo 150 What C I S vould >oii u^c lo dotonniuo tho 
drill RPM " (lH-25) 



[ smiz liio luriiiula RPM '- ^1 . ^ ^alailalo ihc RPM tor a 3/ Kvindi dull lot iiiaiorial w'th a 

Dull dia 



fiow should \ou chock ihoahnoiiioni ot a conloi tiiidoi ovoi iho inioisociinn ot lavout Imos' (lH-31) 



Wh\ aro load drills usod ' ( l'S-^:) 



Wh\ siiould a drill be batkod oui oMlio ii«>lo ' r^ ) 



What aio the standard nKludod angles ot countersinks ^ ( 1 ^5 ) 



Willie \ .»u aio using a countersink, chatter occuis What should you dt) to stop i( ' ( IM-^d) 



Wh\ IS the bod\ o( a counterhore a teu thousandths larger than the standard si/e ot hole to be 
coiinterhoied arni the p.-lot a tew thousandths smaller than dulled hole' (IS-3<S) 



Whv IS a hole spot tac:ci ' (iS-40) 



When Is a hole roaiiie.!'* '1S-4K42) 
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What type of reamer li used tor roughing'^ For finishing'^ (18-43, 4^) 



Wlidt are some of the advantages v\ tapping a hole while work is mounted in a drill press'' (18-45) 



I sing the toninla. tap drill si/e = 0 D what si/e tap drill woLId be used for a 1/4 - ^8 thread'' 
(1H45) ^ 



What are the three coiTirr.'^n drill series, and what are their ranges'^ (19-3) 



If you find a drill with a tap j(i shank on it and the drill size worn off, what do you know about 
itssi/e'' (N-5) 



What are the three steps in sharpening a dril! ' ( lQ-8) 



Wliat is the difterence between dressing an abrasive wheeUnd truing it'' (19-9) 



What is the included angle and clearance angle for a drill used for general drilhnc operations'' (19-1 



How should you grind a dull lobeusea for brass or thm metal' / 19-11) 



What could happen i^yc.u drill a hole with a dnl! whose lips are ground unevenly' (19-13) 



What factor helps to determine the accuracy of your finished work ' (20-1 ) 



Why IS 'i ihm coat of layout bluing better than a thick coaf (20-3) 




48 What are some precautions to observe when you use su»face plates'^ (20-4) 

49 Wliat IS the proper tecniiimi: in jsL-g a scr'ber ' (20-8) 

50 What layout tools would you use to measure or lay out angles other than 45° or 90° ' (20-1 1) 

51 What can a surface gage be used for"* (20-14) 

52 How are prick punches diflerent from center punches'' (20-18, 19) 

53 What are dividers used for'' (20-20) 
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ANSWERS FOR CH,\PTER REVIEW EXERCISES 
CHAPTER 1 

1 The grouping of related jobs into common work areas 

2 Six 

3 53 nictalworking career field. XXI machinist ladder. XXX30 apprentice machinist 

4 The machine shop technician is able to perform machinist skills wii.. greater degree of proficiency 
than the machinist He has more resonsibility for supervision and training 

5 The machinist must know how to make routine work and too) setups on a lathe, while a machine shop 
technician must be able to supervise work and tool setups on a lathe and the design and mani'facture 
of holding devices 

6 One phas^of the dual channel concept is upgrading the trainee's knowledge through career development 
courses, the other phase is upgrading the trainee's skills while he works on the job 

7 Career development course and on-the-job training 

8 The JPG. STS, and STS continuation sheet 

9 Official Air Force publications that provide technical information, instructions, and safety procedures 
for AF equipment 

10 a Regula ion. b Manual c Technical order 

11 Using TO 0-1-01 he can determine the particular general, aircraft specific aircraft, or equipment index 
which enable him to locate the technical order he needs 

12 Maintenance management system, miscellaneous technical orders, and administrative TOs 

13 Persons having command, supervisory, and custodial responsibility 

14 The shop foreman is not accountable for the tools and equipment, he shares with the people in his 
shop the responsibility for custody, care, and safekeepmg 

15 Equipment management oltice and base supply 

16 53 IS the FSC group. 10 is the FSC class, and 2142877 is the identification number 

17 To find the four-digit code number for the item and to determine the stocklist for the item 

18 a CONFIDENTIAL, ^> SECRET, c TOPSECRET 

19 CONFIDENTI AL and SECRET 




18 



20 Caibon dioxide 

21 You do not hjvc to strike the head ol a sharp chisel with as much force and the hammer is less likely 

gldHLC off 

22 TcnipcKjturc and velocity of exhaust gages, suction at the engine intake, area in line with turbine wheel 
roiJtion. and noise 

23 Ldch warniiiii sign in the AFTO Form 9 series warns 'Against radiation hazards under specific circumstances 



CHAPTER 2 

1 1-crrous and nonlerrous A ferrous metal contains more iron than any other element the mam element 
in a nonfcrrous metal is some element other than iron 

2 Cast iron contains more than 2 percent carbon, and steel contains less than 2 percent 

3 Increase in hardness and touglmcss 

4 Chromium 

5 "Staniess sieeT' is the trade name commonly used in referring to corrosion-resistant steel 
b Because of their light vveight 

7 Dry sand 

^ By numerical and color ( odes 

9 Society o* Automotive c.igineers 

10 The tirst number indicates the type o! steel, and the second indicates the percentage of the main 
alloying clement 

11 Because it is a complete procurement specification 

12 AA-I060 

13 Hardness and physical condition 

14 Because it groups materials of similar chemical composition 

15 From the end loward the center of the peice of metal 
\b T()42D-l-4.^ 

17 The internal reactions of a materia! to external tor cos 
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!8 By the type of fuel used» condition of the internal air, or type of atmosphere in the furnace 

1^ The electrically heated^ still-air type, because they are clean efficient, automatic, and require very 
little maintenance 

20 Hardening, case hardening, annealing, normali/ing. and tempering 

21 Heating, soaking, and cooling 

22 Hardening and annealing 

23 Because they lead to stress concentrations durmg heai-treating operations 

24 The Machinery s Handbook and TO 1-1 A 

25 The Rockwell hardness tester because of its simple operation, ability to test many different metals of 
different hardnesses, and it does not depend on judgment of operator for accuracy 

26 The reaction of a metal to the oxygen m the air 

27 An increase in moisture content and air temperature 

28 On the surface 

29 Scheduled inspections, preventive maintenance, and covering surfaces with paint or corrosion-resistant 
metal 

30 Magnetic particle, eddy current, fluorescent and dye penetrant, ultrasonic, and X-ray 



1 Measuring, calculating cutting speeds, machining tapers, and manufacturing gears 

2 Perpendicular, right angle (90""), and pi (3 1416), which is the ratio of diameter of circle to its 
circumference 

3 A proper fraction's numerator is less than its denominator, while an improper fraction's numerator is 
larger than its denominator 
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4 17.., 1'/ 



5 1^764, l7s, 5^'/. 



'64 



6 \% 



2 5, 



5/ 3/ r9/ 
/64 , /8 ' /64 



7 7l6, 764. \. 3 '7, 
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8 ^64. 1'/,. 
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9 A decimal is a fraction having a denominator of 10, or a power of 10 

10 0 037.0 6.0 51 

1 1 Be sure that each decimal pomt is directly below the one above 

i: 6 25: 

13 2 623 

14 Four 

15 Five 
\b 14416 

17 It indicates the form and si/c of an object in such a way that the user can understand what the 
designer wants 

IS A meLhanical drawing is made with aid of instruments and may appear to distor the object, while 
an artist s drawing is done freehand and generally shows the object as it is seen by the eye 

1^> Tiic jrthographic projection method bv''*:3use it shows several views of the same object at the same time 

20 The nature and shape of the object 

21 It IS the view that shows the char*. teristiL contour of the object 

22, A center line consists of alternate long and short dashes, while a datum line consists of a long and two 
short dashes 

23 Detail or si/e. position or location, and overall 

24 They are positioned so that they can be read from the bottom of the drawings 

25 DIA means diameter and R means radius. 

26 Limits are the extreme dimensions to which an object may be made and still be acceptable 

27 Add the amount a part can be made larger lo the amount that it can be made smaller 

28 Allowance 

29 CounterdnlL counterborc nd countersink. 

30 Three As they actually appear, conventional, and simplified. 

31 LH means left hand, and it appears in thread designations 
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32 It enjbles hini to accurately construct drawings and to lay out work prior to mjchming operations 

33 A rjgiit angle (90'') 

34 When the divisions are not easily measured, su^h as 6 or 7 

35 They are of equal length 

36 To help prevent corrosion (rust) i.oni forming 

37 To avoid weaving tools in 'he wrong places, which L ^ild then lead to toreign obiect damage 
3H Grind the laces of the blade until the surfaces are nearly parallel 

3^) Dor* t hold hammer handle too close to the head, check security of wedge used to secure head to 
har e, and keep face of head flat 

40. A ^)/16 wrench because that is distance aaoss the flats of the nut 

41 The one with the largest opening 

42 l5^22^/.^75^and90° 

43 They can be used ir ^ ]os^ quarters and without slipping off the nut or bolt. 

44 20-inch si/e 

45 The 1/2-1 .h drive, because it is stronger 

46 The indicating and the breakaway, with the btc::kaway bemg the more common in the Air Force 

47 Because damage to the wrench or screw recess could result. 

48 Grind an angle of 70"" for work on steel and 60° for aluminum 

4^ Grind the mushroom head off and bevel the edge, to help prevent particles from flying off 

50 The 10-inch IS coarser 

51 Never use a file without a handle or as a pry bar or hammer 

52 A solid frame hacksaw is stronger, but is restricted to only one length of blade 

53 To saw brass, tool steel, cast iron or any heavy cross-sectional material 

54 Two 

55 40-50 strokes a minute. 
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56 A taper tap has a taper of 7 to 9 threads, a plug tap of Vh to 5 threads, and a bottoming tap of 1 thread 

57 Because there would be no material left for the threads. 

58 To make sure that the threads are square with the surface of the work and to prevent possible tap 
breakage. 

5^> This action prevents kmg chips which may clog the flutes, causing thread damage, or jam the tap, 
causing tap breakage 

60 Never leave more than 0 01 5 to be reamed, never turn the "-eamer in the wrong direction, and always 
use a cutting lubricant 

61 Not only can they ream holes to basic si/,es, but they can produce enough variations in si/es to compen- 
sate for various fits 

62 WJien the same dianieter of reamed holes must be aimed 

63 Fracuons, decimals, and metric 

64 Ten-thousandths of an inch 

65 3 inches 

66 The threads on the spindle screw have a pitch of 40 threads per inch One inch divided by 40 equals 
0025 

67 0 500 inch 

68 The maximum dimension possible depends on the longest extension roa available. 

69 When 0 000 is read on an outside micrometer, no graduations are visible on the barrel, while on a depth 
micrometer, all graduations are visible. 

70. Never overtighten the spindle against the anvil or the work, never swing it by the thimble, don't store 
It with spindie and anvil in contact, and keep it clean and oiled. 

71 The capacity is greater, and it can be used for internal and external measurements. 

72. A dial indicator 

73 Both can be used to check thread pitches of 7, 10, 12, 14, 16, 20, 24, 28, and 32. 

74 The hole in which the fluted end fits. 

75 A thickness gage. 
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CHAPTER 4 

1 The ease with which a metal can be cut 

2, Chemical composition, grain structure, t nd heat treatment 

3 By adjusting the rate of speed and the rate of feed 

4 By reducing friction and carrying away the heat 

5 They are lighter bodied and thev wet the tool and the work better 

6 Water used alone could cause rust to form 

7 To cause the chips to settle to the bottom of the tank. 

8 The cutting action occurs only on the back stroke The saw blade does not contact the work on the 
forward stroke 

9 Too much down pressure, a dull blade, too large a cut, or use of too coarse a blade 

10 The harder the material, the slower the speed 

1 1 Thickness ranges from 0 030 to 0 100 inch, and pitch ranges from l^h to 18 teeth per inch 
12. Turn the work over and start the cut on the opposite side of the material 

13 To allow for the saw not sawing straight down, and to leave enough to finish the ends of the work square. 

14 Place It so that the 3-inch-wide side is parallel to the saw blade because this permits more material to be 
remove per stroke and spread , the teeth wear. 

15 Use the progressive method to avoid missing any lubrication points, 

1 6 A sensitive drill press is a very high speed drill press without power feed which is used to drill small holes 
A plan drill press is used for light and medium duty work, may have power feed, and can be floor or 
bench mounted A heavy-duty press js floor r ^nted and has power feed and low speeds for large drills 

1 7 The sleeve, spindle, and feed gears 

18 Raising and lowering, swinging to either side of center, revolving around the center, ana tilting, 

19 It IS shaped to fit a standard Morse trper 

20 Use a socket reducer (dull sleeve) 

21 With a drill drift, 

22 In a drill press vise or clamped directly to the table. 
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23 Cutaway T-boIt can be inserted into T-sIot anywhere, tapped block and stud is strongest, and the square 
head. 

24 About a third of the distance from the work to the clamp leveling block. 

25. Apply enough pressure to maintain cutting action, do not force or *'punch" it through, and reduce 
pressure as the drill begins to come through the bottom of the work. 

26 The lowest, !00 

27 3733 RPM. 

28 By viewing the work and the ct^iter fuider from at least two positions about 90° apart 
29. To help keep the final drill centered and to reduce the power required to drill the hole. 

30 To clear the chips from the hole and drill flutes, to allow the cutting oil to reach the cutting edge of the 
drill, and to prevent drill breakage. 

31 82° and 100°. 

32 Reduce the RPM of the countersink 

33. To provide cleannce fv.. the head of tlie screw and to prevent the pilot from binding in the drilled hole. 

34 To remove irregularities from around hole so that a washer, screw, or bolt has a smooth, square surface 
to rest on. 

35 When a round smoothly finished hole of accurate size is required 

36 A rose reamer is used for roughing, while a fluted chucking reamer is used for finishing. 

37 You save setup time, insure accurate alinement of the tap with the hole to be tapped, and you can use 
the spindle to keep pressure on the tap to start it. 



38 0 250 - yi- = 0 21 3, the tap drill for ^ - 28 



4 

39 Number senes, 1-80(0 228 to 0 0135), letter series, A-Z{0 234 to 0 4 13), and fractional series, 
1/64 to3»^ incties 

40 It IS probably larger than 1/2 inch diameter, since most drills up to and including 1/2 inch have 
straight shanks. 

41 Preparing the abrasive wheel, determining the angles to be ground, and grinding and checking the angles. 

42 Dressing reconditions the abrasive surface of the wheel, while truing restores the geometric shape in 
relation to the whee' aXis. 

43 Included angle of 118" and clearance angle of 1 2° -15° 
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44 Grind the lace ol the cutting edge parallel to t!ie drill axis 

45 Oversi/e holes Hill be produced, or the drill may break 

46 The care with v\hich you lay out your work 

47 A thick coal will Hae and produce ragged, inaccurate lines 

4H Do not diop items on the plate, place only required items on it. do iiot perlorm hammering operations, 
keep the work free of burrs, and keep light oil film on it when it is not in use 

4^) Serine only one thin line just heavy enough to penetrate the bluing but not enough to scratch the 
\\ork surtace 

50 Two parts ot a combination set the protractor head and 1 2-inch scale (blade). 

5 1 Scribing hori/onta! layout lines, locating centers on rough work, and as a height gage for leveling work 
in a vise 

52 The point on a prick punch has an included angle of 30° while on a center punch it is 60^ 
To iiansler dimensions and to scribe arcs and circles on the work suifaccs 
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1. MATCH ANSWER 2. USE NUMBER 2 

^ ^ ^ SHEET TO THIS PENCIL ONLY. 

STOP- klXERCISE NUM- 

BER. 



53130 01 21 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 

Carefully read the following: 
DCrS: 

1. Check the -course,** 'Volume,** and tonn** numbcn from the answer sheet 
address tab against the -VRE answer sheet identification number** in the 
righthand column of the shipping list. If numben do not match, take action to 
return the answer sheet and the shipping list to ECI immediately with a note of 
explanation. 

2. Note that item numbers on answer sheet are sequential in each column. 

3. Use a medium sharp #2 black lead pencil for nmrking answer sheet. 

4. Write the correct answer in the margin at the left of the item. (When you review 
for the course examination, you can cover your answers with a strip of paper and 
then check your review answers against your original choices.) After ycu arc sure 
of your answers, transfer them to the answer sheet. If you have to change an 
answer on the answer sheet, be sure that the erasure is complete. Use a clean 
eraser. But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI Form 
17. 

DONTS: 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Ctouble marks 
or excessive markings which overflow marking blocks will register as errors. 

3. Don't fold, spindle, staple, tupe, or mutilate the answer sheet. 

4. Don't use ink or any marking other than a #2 black lead pencil. 



NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME REVIEW 
EXERCISE. In parenthesis after each item number on the VRE is the Text 
Page Number where the answer to that item can be located. When answering 
the items on the VRE, refer to the Text Pages indicated by these Numbers, 
The VRE resulu will be sent to you on a postcard which will list the actual 
VRE items you missed. Go to the VRE booklet and locate the Text Page 
Numbers for the items missed. Go to the text and carefully review the areas 
covered by these references. Review the entire VRE again before you take 
the closed-book Course Examination. 
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Multiple Choice 



Note The first three items in this exercise are based on instructions that were included with your course 
materials The correctness or incorrectness of your answers to these items will be reflectet in your total score 
There are no Study Reference Guide sublet t-area numbers for these first three items 

I. The form number of the VRE must match 

a my course number c the form number on the answer sheet 

b the number of the Shipping List d my course volume number 

2 So that the electronic scanner can properly score my answer sheet, I must mark my answers with a 

a pen with blue ink. c ball point or liquid-lead pen 

b. number 1 black lead pencil d. pen with black ink. 

3 If 1 tape, staple or mutilate my answer sheet, or if I do not cleanly erase when I make changes on the 
sheet , or if I write over the numbers and symbols along the top margin of the sheet, 

a I Will receive a new answer sheet. 

b my answer sheet will be hand-graded. 

c I will be required to retake the VRE. 

d my answer sheet will be unsrored or scored incorrectly 



Chapter 1 

4 ( 100) The Air Force career field to which you are assigned is 

d held maintenance c metalworking 

b machmist d metals processing 

5 ( 100) The third digit in AFSC 53 1 50 identifies a 

a specific job specialty c skill level 

b ladder of a career field d career field 

(i ( 100) The AFSC in which you work in a machine shop is your 

a duty AFSC c control AFSC 

b primary AFSC d secondary AFSC 

7 (100) The feature that AFSC 53130 and AFSC 53150 h ve in common is similar 

a specialty descriptions c proficiency requirements 

b knowle '^^ requirements d supervisory requirements 

8 ( 100) The machining, fitting, and assembling of metal parts are primarily the responsibility of the 

a metals processing specialist c macnine shop technician 

b machinist d machine shop supervisor 
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9 (101) The two parts of the dual channel concept of OJT are development of career and 

a knowledge. c. production, 

b supervision d. job proficiency. 

10. (101) For certain AFSC's mandatory enrollment in a CDC is required as soon as the airmen 

a. are notified of a Direct Duty Assignment, 

b begin upgrade training for the next skill level 

c graduate from a formal ATC course, 

d are given a bypass qulaification test. 

11 (101) The document which keeps track of your career field training is 

a. AF Form 752, General Military Training Record 

b. AF Form 623, Consolidated Training Record 

c. Machinist Specialty Training Standard 531 30/50/70 

d. Machinist Job Proficiency Guide. 

12 (102) The technical order file maintained in a machine shop is usually 

a a complete file of all AFTOs. c. limiied to the shops' assigned tasks, 

b a single index file. d. a training file. 

13. (102) The TO number for the Index of Indexes is 

a- TOO-l-ri. c. TOOO-1-01. 

b TO 0-1-1. d. TO 00-1-1. 

14 (103) The group of numbers in a Federal stock number which identify the group and class are the 

a first two digits c. first four digits, 

b first three digits. d. last four digits. 

15. (103) In which of the following indexe^s are the manufacturers' names, addresses, and Federal code 
numbers found 

a The individual stocklist volume index. c. Alphabetical index (cataloging handbook H2-3). 

b Numeric index (cataloging handbook H2-2). d. Classification structure (cataloging handbook H2-1). 

16 (103) Which of the following forms is attached to serviceable items*' 

A DD Form 1577. c. DD Form 1574. 

b. DDForm 1577-1. d. DD Form 1574-2 

17 (104) The type of documents that require registration and receipting for whenever they are removed 
from a safe are termed 

a classified c. CONFIDENTIAL 

b SECRET d For Official Use Only. 
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IX 



( 104) The Sdtest method ol trdnsmittmg TOP SLCRhT mformation is by 



d registered mail c eoded telegraph message 

b joded radio nies^ajie d messenger 

l'> (105) When should spilled lu|uids be removed'' 

a At the end ol the shitt 

b Immediately alter they are spilled 

c When they do not evaporate ijuickK 

d When the\ are s[»illed in an aiea of heavy trallic 

20 ( 105) In addition to adequate lighting, one of the inoie important lactors in producing good work is 

a keeping your toolbox in order c keeping dust to a mmimuni 

b a large Vrork area d good 'enMlation 

21 { 105) ALLording to regulations, the minimum sate distance between a parked aircraft and a 
person bmoking is 

a 25 leet ^. 100 feet 

b 50 leet d 200 feet 

22 (105) Belorr using an electrically powered tool, you should always verify that it has been 

tested grounded 
b certified d calibrated 

23 (105) The line pressure of an air-driven tool i,hould n ^ exceed a maximum of 

a 75PSI c 200 PSl 

b 150 PSl d 225 PSl 

24 (105) The type of fire extinguisher that should never be used on an electrical fire is 

^ c dry chemical 

b CBM d water 

25 ( 105) The most dangerous type of radiation you can be exposed to is 

a gamma ^ b^ta 

b thermal d alpha 

2o ( 105) A crate in base supply has a yellow three-bladed magenta colored msignia on it The placard 
indicates that the contents of the crate are 

a serviceable ^ reparable 

b radioactive d explosive 
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27 ( 106) A ferrous metal is any metal whose chemical composition must contain 

a more than 50 percent iron c. more iron than any other element, 

b less than 2 percent carbon d more than 2 percent carbon 

2H { 106) The best alloy steel for manufacturmg ultra high-speed cutting tools is 

a nickel steel c tungsten steei. 

b chromium steel d silicon-manganese steel 

29 (106) An alloying element that makes steel corrosion resistant is 

a molybdenuiii c tungsten, 

b chromium d vanadium 

30 (106) Magnesuim and titanium are both desirable for aircraft construction because of their 

a corrosion resistance c. light weight 

b ease of machining. d heat resistance. 

31 . ( i06) The numbers or colors painted on a piece of metal are for 

a dimensions c protection, 

b identification d. shape 

32 (106) The best known numerical code used lo identify steel by chemical composition is the 

a AISIfAmerican Iron and Steel Institute) <:ystem 

b ASTM (American Society for Testing Materials) system. 

c MIL (Military Specificiations) system. 

c SAE (Society of Automotive Engineers) system 

33 (106) The percentage of carbon content in SAE 1030 coded steel is 

a 0.10 c 1 00 

b 0 30 d. 3.00 

34. (106) Essentially the same numerical codes are used by the 

a AISI and SAE c. SAE and ASTM 

b AISI and ASTM. d. AMSandAA. 

35 (106) Complete procurement specifications are covered in the numerical codes of the 

a Society of Automotive Engineers system. c joint Army-Navy system. 

b Aluminum Association system d American Iron and Steel Institute system. 

36 (106) The AF color code system is used to 

a indicate the si/e of metal c help prevent accidents. 

b identify stored metal d represent the temper of steel 
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(106) In a metal, hardness is the resistance that it offers to 



a being pulled apart by an applied load. c cutting or abrasive action 

b deformation or penetration d sudden shock without breaking 



(107) The heat-treating steps that can be performed on ferrous and nonferrous metals are 



a annealing and tempering c. hardening and annealing 

b tempering and case hardening d normalizing and annealing 



(107) Following the hardening operation tempering increases the hardness of 



a. nickel steel 
b chromium steel 



c high speed steel 
d. high carbon steel 



(107) To reduce brittleness in a piece of high carbon steel that has just been hardened, -the next 
operation would be 



(107) A hole that is close to the edge of a piece of metal that is to be heat-treated is undesirable because 
a uneven heating will develop internal stresses. 

b. the material between the he id the edge would not develop sufficient hardness, 
c it will lead to uneven cooling .mch causes internal stresses, 
d too little surface would exposed to the furnace atmosphere. 

(107) Metal heat-treating is the responsibihty of the 

a. heat-treating technician c. machinist. 

b metals processing technician d. machine shop technician. 

(108) Testing with a Rockwell hardness tester is performed by a 

a. maclunist. c nondestructive inspector 

b. machine shop technician d metals processing technician. 

(108) The type of corrosion which occurs when dissimilar metals are in contact is 

a- pitting. c. stress, 

b. mtergranular d. galvanic. 

(108) In addition to helping resist corrosion, which of the following surface treatments also increases 
wear resistance 

a Spraying. c Hot dipping, 

b Chrome plating. d. Painting 

(108) The person who operates such equipment as an ultrsonic. X-ray, or magnetic particle machine is in 
what ladder of the metalworking career fieW 

a Machinist. c Metals processing. 



a. soaking 

b. tempering. 



c. annealing, 
d normalizing. 



b. Sheet metal 



d. Nondestructive inspection 
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47 (109) What valoe does the symbol rr represent'^ 

a 3 1216. c 3.1612. 

b 3 1416 d 3.1614. 

48 (109) What is the least common denominator of the fractions 3/8, 9/16, 1^ and 2%1 

a 16 c. 4 

b 8 d. 2. 

49 ( 109) If the fraction 33/64 is subracted from 29/32, the result is 

a. 32/64. c. 25/64. 

b. 29/64. d. 21/64. 

50 (109) For a repair job you cut 3 pieces of metal 4^/,^ , 3% , and 2% mches long from a 20-inch piece of 
metal. Allowing 1/8 inch for each saw cut, what is the length of the remaining piece of metaP 

a 8*^/,5 ^nches. c. 9Vi6 inches, 

b 8*^/,6 inches. d. 9^1 le inches. 

51. ( 109) A work order for a jack handle specifies that 3/4 of the overall length of 1 1 ^ inches be knurled. 
How long will thjs knurled portion be? 

a. 8 inches. c. 8% inches 
b 8V4 inches d. 878 inches. 

52. (109) Using the formula C = TT X diameter, what is the circumference (C) of a circle 14 inches 
in diameter"^ 

a 40.0 inches c 42.5 inches. 

b. 42 0 mches. d. 44.0 inches. 

53 ( 109) Disregarding the width of the saw cut, how many 1 ^4-inch pieces can be sawed from a bar of 
material feet long'^ 

a 30 c 44. 

b 41 d 82. 

54 , 109) If 3 2 1 IS divided by 0 963, the result is 

a 3 333 c 0 333 

b 3 000 d 0.300 

55 (109) With a feed of 0 006 and a speed of 1 25 strokes per minute, how many minutes are required to 
saw through a metal rod 1 Vs inches in diameter*^ 

a 08 c. 2 25 

b 1 5 d 4 00. 
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56 ( 10^) On a blueprint oi a shaft which arrives m your shop, the overall length dimension is indistinct 
If tne lengths o!' the segments aie 7/ 1 6. 3/32. 1 760.5^4. 1 760.3/32. and / 1 6 inches, wiiat is the 
overall length of the shaft'^ 

a ^) 812 inches c 9 850 inches 

b 9 832 inches d 10 832 mches 

57 ( 1 10) A drawing which presents top and side views in line with the front view an 

d t)blique drawing c anisonietric drawing 

b isometric drawing d orthographic drawing 

58 (110) Which o^'the following shapes of objects would be most likely to require a three-view 
working drawing'* 

a Square c Cvlindrical 

b Spherical d Rectangular 

5^^ (110) In mechanical drawing, the basic principle which should be followed in drawing an object is 
to use the 

a natural tront as the principal view 
b top. front, and right side vunvs 

c number of views needed to establish the dimensh)ns and shap 
d views which include as many invisible lines as possible 

OO (110) The three general groupings of dimensions are 

a diameter, width, and length c detail, position, and overall 

b si/e. diameter, and detail d surface, center, and height 

61 (110) Determine the tolerance of a shatt that has a spcLificd diameter of l^^O ^ q J^q J"^'1i 

a 005 inch c 015 inch 

b 010 mch d 020 inch 

62 (110) Dimensions for a countersunk hole state the 

a depth and diameter of the countersink 

b included .ingle and diameter of the countersink 

c included angle and depth ot the countersink 

d depth of the countersink 

63 (111) What IS the only angle that can be trisected by using geometric construction* 

a. Acute c Right 

b Obtuse d Oblique 
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64 (112) You are using a new screwdriver of the correct size but have trouble keeping it in the screw slot. 
You could remedy thib situation by 

a niagneti/ing the blade 

b grinding the blade tip 

c applying less torque lo the screv 

d grinding the sides of the tip almost parallel. 

65 (1 12) If you are using a center punch and hammer to lay out the locations of holes to be drilled, yo'» 
should use 

a an 8-ounce tack hammer. c. an 8-ounce siag hammer, 

b. an 8-ounce ball peen hammer. d. 16-ounce ball peen hammer. 

66. (11 2) Most accidents involving hammers are caused by a 

a wrong size hammer. c. cracked handle, 

b mushroomed face. d. loose head 

67. (11 2) The heads and openings of wrenches are offset to 

a assist in working m close quarters. c. help overcome torque. 

b. shorten the wrench d. prevent your hand from slipping. 

68. (11 2) Other than its normal use, the 6-point socket wrench can be used to good advantage when 

a. the nut is octagonal in shape. c. greater holding action is needed. 

b access to the nut is difficult. d there is little space in which to swing the wrench. 

69 (113) The tendency of a flat chisel to "dig in" can be reduced by grinding 

a. a slightly concave cutting edge. c. the corners at a 45° angle. 

b. a slight convex cutting edge. d. radii on the corners. 

70. (11 3) The type of file you should use to repair damaged threads on a bolt is a 

a three-square file. c. mill file, 

b square file d. knife file. 

71 (113) Which type of hacksaw blade does no/ break easily under bending stresses? 

a Set off blade. c. Raker blade 

b. All hard blade. d. Flexible blade. 

72. (11 3) Which of the following hacksaw blades is recommended for sawing electrical conduif 

a A 14-pitch blade. c. A 24-pitch blade, 

b. A 1 8-pitch blade. d. A 32-pitch blade. 

73. (11 3) What is the minimum number of hacksaw teeth that shoula be in contact with the work 
at any one time'' 

a. One. c. Three, 

b Two d Four. 
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74 (1 13) If a taper tap of the correct size is not available, the type of tap you could use to start tapping 
a hole IS a 

a bottoming tap. c, modified tap 

b. pipe tap, d. plug tap, 

75 (113) The proper action to take regarding feed pr^»ssure after die teeth take hold and begin to rut is to 

a release pressure c. gradually decrease pressure 

b, gradually increase pressure d. maintain constant picssure. 

76. (11 3) ror hand reaming, what type of expansion leainer is the most efficient'^ 

a Solid c. Adjus*ib!e blade, 

b Spiral flute d. Straight flute 

77. (114) What measurement operations can be mada with spring-joint cuts.He 'nside calipers*' 

a Transferring measurements from the work to a rule. 

b. Determinr.^ the depth of worn aieas on a shaf.. 

c. Setting tl.c flutes on an expansion reamer 

d. Checking the concentricity of a pulley. 

78 (1 14) A 5-inch micrometer has a range of 

a. 0 to 5 inches. c 5 to 6 inches. 

b. 4 to 5 inches. d. 5 to 10 inches 

79 (114) How many revolutions do you turn a micrometer thimble to move the spindle 1 inch? 

a. 4. c. 40 

b 20 d. 400. 

80. (11 4) The range of graduations on the barrel of an inside micrometer is usually 

a 0.500 inch r. 1 500 inches. 

b. 1.000 inch. d 5.000 inches. 

81 . (1)4) What 's the minin^ Jm an inside micrometer can measure? 

a. 0.500 ir.ch c 1 500 inches 

b. 1 000 inch. d. 5 000 inches. 

82. (114) You are using a 5-inch extension on an inside *'mike" with the standard P/i-inch body and have 
obtained a reading of .222. What is the diameter of the hole? 

a. 5.222 inches. c, 6.722 inches. 

b. 6.222 inches d 6.822 inches 




83 (114) On some "mikcs," the knurled ring located in the frame near the spmdle is designed to 
act as a 

a. ratchet c calibration ring. 

b. spindle hook d spindle lock. 

84. (114) If you had several pi lleys mounted on the same shaft and wanted to check their concentricity, you 
would use 

a. a dial indicator c. an outside micrometer 

b a vernier caliper. d. an outside caliper 

85 (114) Which of the following drill si/es could not be checked with a drill gage ' 

a 3/32" c .234(A) 

b 1935 (No 10). d. 9/16" 

86 (114) Telescope gages are used in combination with 

a a micrometer c. an outside caliper, 

b a scale. d a center gage 

87 (115) One of the mam factors which compensates for differences in the machinability of metals is the 

a coolant How c. depth of cut 

b type ot operation d. cutting speed 

HS (115) The pnniaiN purpose of cutting lubricants is to 

a improve work tinish c. wash chips away from the tool 

\) leducc Irictioii d prevent work warpage. 

(115) It a machining operation requires high cutting pressure, the proper cutting lubricant to use is 

J thlorinatcd oil c sulphuri/ed oil 

b lard oil d soluble oil 

^K) (116) It a power hacksaw si/e is 8 inches, you know that this dimension refers to the 

a usable length of blade 

h opening of the frame above the blade. 

L largest piece of metal that can be held in the vise and sawed 

d largest piece of metal that can be held in the vise 

91 (116) n the feed clutch of a power hacksaw slips tiie least probable cause is 

a too much feed pressure c too long a cut has been attempted 

b a dull blade d a loose blade 
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(1 16) Power hacksaw blades fail most often because of improper 

c. blade installation 
d clampmg of the work in the vise 

(116) The main advantage a horizontal handsaw has over a power hacksaw is that 

a the endless blade distributes coolant more evenly, 
b less stock is wasted because of the narrower kerf, 
c replacement sav bands are cheaper than saw blades 
C. It IS easier to set up and use. 

(117) A 1 5-inch designation for a drill p*rss means that the 

a total height of the base, column, and head is 1 5 inches square 

b. table or machined surface on the base is 1 5 inches square. 

c. diameter of the column is 15 inches. 

d largest piece that can be drilled in the center has a 15-inch diameter 
(1 17) t he ur'U perss that can operate it the lowest speeds is the 

a plain type. c heavy-duty type 

b sensitive type. d. bench type 

(117) A taper shanked tool is prevented from slipping in the spindle by the 

d wedging action of the taper. 

b. tang on the end of the tapered shank. 

c. twisting action of the drill. 

d. key and key way between the sleeve and the tool 

(117) The main purpose of supporting work on parallels m a drill press vise is to 

a prevent holes from being driPed in the table 

b. ahne the work parallel to the spindle. 

c. prevent holes from being drilled in the vise 
d aline the work parallel to the vise jaws 

(117) Using the formula RPM = -^~[] g^^-^^j^ dctcimine the desired RPM to drill a 3/4-inch hole 
in a piece of metal with a CFS of 75 

a. 22 5 RPM. c. 225 RPM 

b. 40 0 RPM d 400 RPM 

(118) In addition to the proper positiomngof the work under the drill, the most important factor for 
accurate ^'^cation of a drilled hole depends on the 

a -ss of the drill c. accuracy of the layout 

b ^eed of the drill. d rigidity of the work set up. 



a speed, 
b. feed. 
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100 (118) The niinimuni diameter of a lead (pilot) drill should be 



a the same diameter as the center drill 

b slightly larger than the web thickness of the next drill to be used 

c one third the diameter of the final hole si/e 

d one half the diameter of the final hole size 

101 (1 18) Spot facing on a drill press shoi!ld oe done by using a 

d counterbore c modified drill 

b LOifUcrsmk d large diameter reamer 

102 (IIH) The reamer that produces the smootlicst and most accurate hole is the 

d rose reamer c chucking reamer 

b hand r' iiiicr d taper reamer 

10 > (MS) A proper procedure when tapping threads in tough metal is to 

a turn the ^ap backward occasionally to break up chips 

b use d smaller tap when binding occurs 

L reverse the tap when it begms to bend 

d use d 50 percen; bigger tap drill si/e 

104 H 1 H) When the tap takes hold and begins to cut and pull iiselt Ui'o the hole, the proper acMon is to 

a mamtain constant spmdic pressure c gradually mcrease spindie pressure 

b uradualK decrease spmdle pressure d release the spindle pressure 

( 1 l^M What scries nt drills would con'ain a drill suitable lor drilling a 625 ^^yfnch-dian.eler hole'' 

a Numbc. ,^,ies c J-ractional series 

b Letter series d Tap dull series 

( 1 P^) In LompariPu the sha.iK ol j 7 t6 diameter drill jnd the shank of a ^)/l6 drill, \ ')U tind the 

7 16 drill shonk us'^s a smkiHci Morse taper 
b I \u> shanks use tiie sjnie si/e ol Morse taper 
c "^16 drill shank ^ stiaighl 
d \\\o drills will Ot 'n the sjine si/e spindle hole 

lil^ (1PM Repeated sharpeiimg ot a uriT wijj cause the 

J tliiies lo heLome deepei l dead center to gel smallci 

b bods JeaiaiK ^ lo deciease d web lo grow thicker 

I''^' t M'M I lie puipose of drcssinjr a grinding wheel is lo 

J lesiDie tl]e Of ' 'ihjl n riLcnlricilN l restore the original abrasiveness 

h K\liko dnll uisLolordiion d improve heal dissipation 
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10^^ (11^^) 11 a drill produces oversi/e holes, the most probjble cause is 

J. jn improper cutting edge angle c an excessive teed pressure, 

b an excessive clearance angle d unequal length cutting hps 

no (120) Laying out work is the processor 

a planning a job on p ,^er c laying out parts prior to assembly. 

b laying out the necessjry tools d marking lines on the surface of material 

1 1 1 (120) In adc!tion to using sharp Ijyout tools, to insure accurate layout wuik, you should use a 

a machinist square c combination set 

b. thin coat of layout dye d straight edge 

112 (120) The best way to mount work so that it is ^^0° to the surface plate is to use 

a parallels c a pair ov V-blocks 

b an angle plate d angle parallels 

113 (120) The most accurate layout tool j inachimst can use to check whether adjacent surfaces are 90"^ 
to one another is the 

J squarehead c nuchinisrs '=quare 

b surface gage d angle plate. 

114 (120) The tool thai should be used tor the most accurate location of hori/onlal layout lines is the 

J surface gage c combination gage 

b vernier he iglit gage d machinist's square 
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scope of the volume. 

Code numbers appearing on the figures are for preparing agency identification 
only. 

If you have questions on the accuracy or currency of the subject matter of this 
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If he can't answer your questions, send them to ECI, Gunter AFB. AL 36114, 
preferably on ECI Form 17, Student Request for Assistance. 
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CHAPTER 1 



Introduction to the Lathe 



THE LATHE IS the most useful machine in 
the machine shop. More opf^rat^ons can be 
done on it than on any othe» machine tool. A ma- 
chinist can do straight and taper turning, facing, 
thread cutting, drilling, boring, and spring winding 
on a lathe. By using various attachments, he can 
also do grinding and milling. In this chapter, we 
will discuss the construction and operation of the 
lathe, cutting tools, and work holding devices. All 
of this information will be used when you perform 
the various lathe operations. 

1. Construction and Operation 

1-1. We will limit our discussion in this section 
to basic lathe information, such as the description 
of a lathe; safety pre'^uutions; control levers; and 
speeds, feeds, and depth of cut. 

1-2. Description. You should be able to iden- 
tify the type, size, and major parts of a lathe. You 
will find the following information helpful. 

1-3. Lathe classification. Lathes are divided 
into three classes: toolroom, engine, and turret. 
They are quite similar in their general construction 
and operation, although each is designed for a spe- 
cific purpose or type of operation. The toolroom 
lathe is more accurately constructed than the en- 
gine lathe and usually has more attachments and 
accessories, making possible a greater range of 
precision work. The turret lathe, although similar 
in construction to both the toolroom and engine 
lathes, is used primarily for production work. Most 
lathes are mounted on a base or on legs. Small 
lathes are usually mounted on a bench or table and 
are called bench lathes. The addition of casters to 
the bench makes it possible to move them easily. 
Bench lathes come in various types and are classi- 
fied in the san:. manner as the larger lathes. 

1-4. The size of the lathe is designated by the 
maximum diameter of the work that can be swung 
over the ways, the distance between centers, and 
the overall length of the bed. The length of the bed 
is usually designated in inches for smaller lathes 
and in feet for very large ones. Figure 1 illustrates 
where the size measurements are made. 



1-5. Major assemblies. A description of the 
major lathe assemblies will help you understand 
lathe operation. The major assemblies are the bed, 
headstock, tailstock, carriage, and the feeding and 
threading mechanism. 

1-6. The bedy shown in figure 2, is the heavy 
framework which rests on metal legs and supports 
the other mechanical units of the lathe. It must be 
heavy, well supported, and able to resist the stress 
set up by heavy roughing cuts. The ways, which 
are the accurately machined and handscraped or 
ground surfaces on the bed, afford alinement and 
a bearing surface for the tailstock, carriage, and 
headstock. Be careful to prevent damage to the 
ways. 

1-7. The headstock, shown in figure 2, is lo- 
cated on the left end of the lathe bed. It contains 
the main spindle, oil reservoir, and the necessary 
gearing to obtain various spindle speeds ^r?d to 
transmit power to the feeding and threading mech- 
anism. The headstock mechanism is driven by an 
electric motor through belting and shafting. The 
main spindle is mounted on bearings in the head- 
ock and has a hole through its entire length. The 
hole in the nose of the spindle has a taper which 
varies with the size of the lathe; in most cases it is 
a Morse taper. Centers, collets, drill chucks, and 
taper-shank drills may be inserted inio the spindle; 
and chucks or faceplates may be screwed or 
clamped on the spindle nose. 

1-8. The purposes of the tailstock, shown in 
figure 2, are to support one end of the work when 
it is machined between centers; to support a long 
piece of work held in a chuck; or to hold various 
catting tools, such as drills, reamers, etc. The tail- 
stock is mounted on the ways and is designed to be 
clamped at any point along them. It has a sliding 
spindle that is operated by a handwheel and is 
clamped into position with the spindle clamp. The 
tailstock is adjusted laterally (toward or away 
from you) by adjusting screws. The tailstock 
should be undamped from the ways prior to mak- 
ing any lateral adjustments. Unclamping allows the 
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Figure 1. Size designation of a lathe. 

upper portion of the tailstock to move freely and 
prevents damage to the lateral adjustment screws. 

1-9. The function of the carriage, shown in fig- 
ure 2, is to carry the cutting tool. It may be moved 
by hand or by power, and it can be clamped at any 
point along the ways by means of a clamping 
^>crew and nut. The carriage contains the saddle 
and the apron. The saddle carries the cross-slide 
and the compound rest. The cross-slide is mounted 
on dovetail ways on the top of the saddle; it is 
moved back and forth 90° to the axis of the lathe 
by the cross-slide screw, which may be turned by a 



handwheel or by power. The compound rest is 
mounted on the cross-slide, and it can be swiveled 
and clamped at any angle in a horizontal plane. It 
is used extensively when steep tapers and angles 
are bring cut. The apron contains the gears and 
feed clutces which are used to transmit motion 
from the feed rod or lead screw to the carriage and 
cross-slide. 

1-10. The feeding and threading mechanism, 
shown in figure 3, is power-driven from the head- 
stock spindle by means of a gear train. This mech- 
anism transmits power to the carriage for turning 
or thread-cutting operations. A chart showing the 
positions of the levers for obtaining various feeds 
in thousandths of an inch and the various number 
of threads per inch is located in the quick-change 
gearbox. 

1-11. Safety Precautions. You must be con- 
stantly aware of the danger involved in operating a 
lathe. A lathe is not a plaything; carelessness on 
your part, even for a moment, can be disastrous. 
Most safety precautions are nothing more than 
common sense, and accidents usually happen to 
persons who "didn't think." The following precau- 
tions will help you prevent accidents. Use them 
and your head, and you will avoid injury. 

a. Keep your sleeves rolled up to the elbow 
while you are operating a lathe. 

b. Do not allow clothing to hang loose. 
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A. COLLET ASSEMBLY 

B. TAILSTOCK 

C. WAYS 

0. MAIN SPINDLE 



E. HEADSTOCK 

F. BED 

G. SUPPORTING LEGS 
Figure 2. Engine lathe. 



H. CARRIAGE 
I. APRON 
J. BED 
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c. Remove all jewelry and watches (including 
wedding rings) before you operate the lathe. 

d. Do not place your hands or rags on revolving 
work or moving parts. 

e. Do not lean on the lathe. 

/. If it is necessary to leave the machine, make 
certain that it is turned off. 

g. Turn the machine off before talking to any- 
one. 

It. Know how to stop the machine quickly if an 

emergency arises. 
/. Keep metal turnings and bar stock off the 

floor. 

/. Keep oil wiped off the floor. 

k. Do not handle chips with your hands. 

1-12. Control Levers. Do not be alarmed by 
the number of levers on a lathe. Although they are 
quite numerous, you can separate them into three 
groups: spindle controls, lead screw and feed rod 
controls, and power feed controls. Figure 4 will 



help you identify the numerous control levers on a 
typical lathe; refer to it frequently as we discuss 
the various control levers. 

1-13. Spindle controls. Spindle controls may be 
divided into two groups: those which cause the 
spindle to rotate and those which determine the 
speed of rotation. 

I-I4. The spindle control levers determine 
whether or not the spindle rotates. Most lathes 
have two spindle control levers: a stationary lever 
located near the headstock and a lever which 
moves with the carriage. You can use either one of 
these to engage and disengage the spindle clutch. 
The spindle clutch must be engaged before the 
spindle and power feed mechanism will operate. 
You should avoid slamming the spindle control le- 
vers in or out of engagement to prevent damage to 
the clutch. Exerting additional pressure on the lever 
after disengagement applies a braking action to the 
spindle, which is extremely useful an emer- 
gency. 



LATHE GEAR TRAIN 



FEED & THREADING 
MECHANISM 




FEEDING & THREADING 
MECHANISM LEVERS 
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Figure 3. Feeding and threading mechanism. 
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A. LEAD SCREW 

B. FEED REVERSE LEVER 

C. CARRIAGE DOCK 

D. SPLIT NUT LEVER 

E. CROSSFEED SCREW HANDWHEEL 



F. SPINDLE SPEED CHART 

G. SPINDLE SPEED ADJUSTMENi LEVER 

H. FEED OR SCREW SELECTION LEVER 
I. SPINDLE CONTROL LEVERS 

Figure 4. Operating levers. 



J. CARRIAGE HANDWHEEL 
K. LONGITUDINAL FEED CONTROL LEVER 
L. CROSSFEED CONTROL LEVER 
M. FEED ROD 



1-15. The spindle speed adjustment 'evers are 
located on the headstock. You must position the 
spindle adjustment levers, as shown on the spindle 
cpeed chart, to obtain the desired spindle rpm. 

Caution: The spindle clutch mast be disen- 
gaged before you shift the spindle adjusting levers 
to p event damaging the lathe. 

1-16. Lead screw and feed rod controls. The 
kid screw and f**f*d rod contro' levers consist of 
t»>e levels located on the quick-change gearbox, 
the feed or screw selection lever, and the feed re- 
verse lever. 

1-17. The pos>-^n of the levers located on the 
gearbox determine^ ratio of the lead screw rpm 
or feed rod rpm to the spindle rpm. This ratio de- 
termines the rate of feed or the number of /^rcads 
per inch. Figure 5 shows the tumbler and selector 
levers on the gearbox. You can obtain the desired 
feed or number of threads per inch .// positioning 



these levers as indicated by the chart on the gear- 
box. 

1-18. You Will use the feed or lead screw selec- 
tion lever to engage either the lead screw or the 
feed rod. Engage the lead screw when ma- 
chine threads and the feed rod when you use 
power feed. Some machines use a sliding gear to 
engage the lead screw instead of a lever, whereas 
others have a combination It ^crev and feed rod 
and do not have a selecting de\ ice 

1-19. You will use the fee^ re. wise lever to re- 
verse the direction the carriage or cros .-slide trav- 
els when >ou use power feed or when you machine 
threads The feed reverse lever on bench lathes is 
often located on the left side ot the headstock just 
above the quick-change gearbox. 

1-20. Power feed controls. The power feed 
controls consist of the longitudinal and crossfeed 
control levers and the split-nut lever. They are lo- 
cated on the carriage apron. 
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Figure 5. Quick-change gearbox. 



1-21. Use the longitudinal and the crossfeed 
control levers to engage or disengage the power 
feed of the carriage or the cross-slide. 

Caution: Do not engage both power feeds at 
the same time or allow the cross-slide to feeo to 
the end of its travel or you may damage the lathe. 

1-22. Use the split-nut lever to engage or disen- 
gage the s|.lit nut with the lead screw, which 
causes the carriage to travel when you are cutting 
threads. Most .nachines have a built-in device that 
prevents engaging the split-nut k. ver and the power 
feed levers at the same time. 

1-23 Speed, Feed, and Depth of Cut Eco- 
nomics^ and efficient machining requires proper 
speeds, feeds, and depth of cuts. 

1-24. Speed. Speed means spindle rpm in lathe 
work. You can use the formula for selecting drill 
press speed for lathe work vith only a slight modi- 
fication. Since most lathe work involves the ma- 
chining of the periphery of a piece of stock, the di- 
ameter ot the workpiece must be considered. The 
lormula is: 



Rpm = 



4 X CFS 
work diameter 



Work diameter is the diameter actually being ma- 
chined, and not necessarily the largest diameter of 
the material. Table 1 gives the recommended CFS 

Table 1 
Recommended Cutting Feed Speed 



lATERIAL 



HHH-7EwfUC HOWZt 



MUl m ITi ULBTr 



3 



CU7TINI FOOT SPEED 



to 15Q 



300 tfl <00 



NOTE: CARION STEEL DRILLS SHOULD IE RUN AT SPEF^S OF 
FROM 40 TO SO PERCENT SLJIER fNAN THOSE k VEN 
AlOVE 
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Figure 6. Roughing and finishing feeds 

(cutting foot speed) for several common mate- 
rials. For additional information, consult the Ma- 
chinery's Handbook or some other machinist pub- 
lication. Use the lower value for rough turning and 
the higher value for finish turning. However, this 
formula is only a guide. The speed that you ac- 
tually select should be based primarily on the for- 
mula, but you must also cuii^^idci the following 
factors: 

a. The material being machined. Generally, 
hard materials require a slower cutting speed than 
soft or ductile materials. 

b. Tool material. Figure 6 is based on the use 
of high-speed cutting tools and drills. Decrease the 
speed when you use carbon steel tools. Increase 
the speed when you i se carbide and Stellite tools. 

c. The shape of iie tool and the opc ation 
being performed. Operations havin^- a great 
amount of tool and work contact require slower 
cutting speeds than general turning operations. 

ci. Feed and depth of cut Heavy roughing cuts 
require slower cutting speeds than light finishing 
cuts. 

e Coolant or cutting lubricant used. Materials 
which are machined dry require slower speeds 
than those which are machined with a coolant. 

/. Power, design, and condition of the machine. 
You can use higher speeds on heavy, rigidly de- 
signed machines which are in good repair than on 
light-duty or worn machines. 

1-25. Feed, Feed is the distance the tool ad- 
vances per revolution of the spindle. The feed 
should be based on the following factors: 

a. Finish desired. Coarse feeds produce a 
rough finish; fine feeds, a smooth finish, as shown 
m figure o. A feed of 0.025 to 0.035 inch is rec- 
ommended for rou<-h turning, anc^ a feed of 0.0o2 
to 0.005 inch is rt ommended for finish turning. 

b. Work setup. Work that is securely held in a 
four-jaw chuck or between centers can withstand 
heavier feeds than work held in a collet chuck. 

c. Work diameter and length. Use light feeds 
when you machine small diameter work or very 
long work to prevent the material from springing 
away from the cutting tool. 



d. Tool contact. The greater the amount of tool 
contact, the greater the pressure exerted on it. This 
requires a reduction in feed rate. 

1- 26. Depth of cut. Depth of cut is the distance 
the tool is fed below the surface of the work. Fig- 
ure 7 shows the effect a 0.125-inch depth of cut 
has on the work diameter. The work diameter is 
reduced twice the depth of cut; e.g., a 0.100-inch 
depth of cut reduces the diameter by 0.200 inch. 
Tiie factors affecting feed and speed selection 
should also be considered when you select the 
depth of cut. 

Note: You must be careful not to remove so 
much material that the piece is made too small. 

2. Cutting Tools and Holders 

2- 1. In order to machine materials effectively 
and efficiently, you must have the correct type of 
tool with a keen cutting edge of the proper clear- 
ance and rake angles. The cutting tool must also 
be properly held and supported. A cutting tool 
may be considered as a wedge which provides a 
means of separating or parting metal. Figure 8 il- 
lustrates the cutting action of a tool. In this section 
we will discuss tool materials, cutting tool shape, 
cutting tool geometry, grinding cutting tools, and 
tool holders. 

2-2. Cutting Tool Materials. A cutting tool 
must be harder than the material that is to be ma- 
chined and must retain its hardness and toughness 
at the high temperatures developed in machining 
operations. Before the development of high-speed 
steel and cemented carbide cutting tools, high-car- 
bon steel tools were used extensively. 

2-3. High-carbon steel tools are generally hand 
forged, hardened, tempered, and ground. There 
has been a decline in the use of high-carbon steel 
tools, and they are very seldom used in modern 
machine shops. The chief objection to high-carbon 
cutting tools is that they carnot be operated at 
high cutting speeds, because (he heat which is gen- 
erated breaks down the cutting edge. Conse- 
quently, they require reforging and heat treatment 
after numerous sharpenings. 

2-4. High-speed cutting tools are used exten- 
sively in lathe work. They are available in many 
sizes and shapes. The basic alloying elements of 
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Figure 8. Culling aclion of a looi. 
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high-speed steel are tungsten, chromium, and va- 
nadium. Tungsten gives the steel the property of red 
hardness; that is, it retains its hardness at red heat 
and can be used at cutting speeds approximately 
double that of carbon steel tools. Chromium and 
vanadium give the steel deep hardening qualities. 
This means that every part of the tool hardens 
during heat treatment. The standard high-speed 
tool blank is a rectangular bar with a squi're 
cross-section. Sometimes, the larger tools are 
forged and held directly in the toolpost, but it is 
more convenient and economical ^o use the 
smaller tools in a toolholder, which allows tbeni to 
be readily removed for replacement with tools of 
different shapes. 

2-5. Cementea-carhide tools are used mostly in 
production work involving long continuous cuts at 
high speeds. Usually, just the tip of the tool is 
made of tungsten'-^arbide or tantalum-carbide. 
The tip is silver-soldered oi brazed to a steel 
shank, as shown in figure 9. The high cost of ce- 
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Figure 9 Carbide-iippcd lool. 



ERIC 



mented carbide prohibits making the entire tool of 
this material. Carbide tools may also be used to 
cut materials that are hard and have an abrasive 
action, since they do not dull easily. This tool ma- 
terial is extremely hard, ranking next to diamond 
in hardness and retaining its hardness at high tem- 
peratures; however, it is brittle and chips easily if 
subjected to shock. A special silicon carbide grind- 
ing wheel is necessary for sharpening carbide- 
tipped tools. The ordinary shop grinding wheel 
cannot grind these tools because of their extreme 
hardness. 

2-6. Cutting Tool Shape. The shape or contour 
of a cutting tool has a decided effect on its cutting 
efficiency. Most tools are hand-ground to shape on 
a bench or pedestal grinder. Portions of the tool 
are ground away to leave sharp and strong cutting 
edges. Except for the rules for grinding the proper 
rake and relief angles, there are no definite rules 
to govern the shape of lathe cutting tools. They 
may be square, pointed, small or large in radius, 
or ir '^'^ular in shape. For certain classes of work, 
the cuttinp edge may be ground to fit gages of var- 
ious shapes. Some of the more common ' 'the tool 
shapes, along with their application, are shown in 
figure 10. Lathe cutting tools may be either right- 
hand (right-cut) or left-hand (left-cut). The cut- 
ting edge of a right-hand tool is ori the right-hand 
side when it is viewed from the point end of the 
tool with the top ^Mrface up. Figure 11 shows how 
to determine whether or not the tool is a right- or 
a left-hand tooL 

2-7. Cutting Tool Geometry. Tool geometry 
pertains to the various angles and radii that shape 
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Figure 10. Cutting tool shapes. 

the tool and enable it to cut. Tools having the cor- 
rect geometry cut efficiently, produce good fin- 
ishes, and maintain their sharpness. Conversely, 
improperly ground tools do not perform satisfacto^ 
rily. 

2-8. Relief angles. Relief angles are the angles 
formed by the intersection of the surf^.^es below 
and adjacent to the cutting edge with a plane per- 
pendicular to the base of the tool. There are two 
types of relief angles, side and end, as shown in 
figure 12. Relief angles provide clearance to pre- 
vent the tool from rubbing on the work. They are 
often referred to as clearance angles. The tool is 
held in the toolholder at an angle of approximately 
141/2°. You must take this into consideration 
when you grind the end relief. For example, if the 
effective end relief is to be 8°, the actual end relief 
angle must be 22Vi °. The toolholder has no effect 
on the side relief. Table 2 gives the recommended 
relief angles for various metals. 

2-9. Rake angles. Rake angle pertains to the 
top surface of the tool bit. There are two lypcs of 
rake angles, back rake and side rake, as shown in 
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Figure n. Left- and right-hand tools 
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Figure 12. Relief angles. 
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Figure 13. Rake angles. 

figure Ij. These angles may be positive or nega^ 
tive, or they may have no rake. The toolholder au- 
tomatically gives a tool a 14V2° effective back 
rake angle, and you must take this angle into con- 
sideration when you grind the tool. For example, 
to obtain an effective back rakt of 161/2°, you 
grind the tool with an actual angle of 2°. To ob- 
tain an effective angle of 0°, you must grind an 
angle of 14!/2° off the top of the tool, as shown in 
figure 13. The toolholder does not affect the side 
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Figure 14. Cutting edge angles. 

rake angle. You measure rake angles from a plane 
parallel to the base of the tool. Table 2 gives the 
recommended back rake and side rake angles for 
various n*^tals. 

2-10. Cutting edge angles. Cutting angles 
are the angles formed by the cutting edge with the 
end of the tool (the end cutting -^dge angle) or 
with the side of the tool (the side cutting edge 
angle), as shown in figure 14. The end cutting 
edge angle permits the nose of the tool to make 
contact wi.h the work and aids in feeding the tool 
into the work. This angle is usually 8° to 15°. The 
side cutting edge angle reduces the pressure on the 
tool when it begins to cut. A side cutting edge 
angle of 15° is recommended for rough turning 
operations. 

2-1 1 . Wedge angles. Wedge angles are the an- 
gles formed by the front relief and back rake or by 
the side relief and side rake, as shown in figure 15. 
These angles are usually 60° to 65°. However, 
when you grind the tool to the recommended relief 
and rake angles, the wedge a igles may vary. 

2-12. Nose radius. The nose radius, as shown 
in figure 16, strengthens the tip of the tool, lelps 
to radiate the heat generated by the cutting action, 
and helps to obtain a good finish. You will nor- 
mally grind a %4-inch nose radius on tools % 
inch square or smaller, and a ^/^2-inch radius on 
tools from inch to VA inches square. Some 
tools, such as the side-finishing tool, require very 
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TOP VIEWS 







PARAttEl SHOULDER GROOVE ANGULAR 

END VIEWS 53.152 

Figure 17. Chip breakers. 



\ 



END RELIEF \ ) 
ANGLE ^ EDGE ANGIE 

END CUTTING \^ 

A B 




SIDE CUTTING 
EDGE ANGIE 




53-150 




53 153 



Figure 15. Wedge angles. 
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little, if any, nose radius. A radius that is too large 
may cause the tool to chatter because of excessive 
tool contact. 

2-13. Chip breakers. Chip breakers are inden- 
tations on the top surface of the tool that prevent 
the formation of long and dangerous chips. Broken 
or short chips occupy less space, reduce the 
amount of heat transferred from the chips to the 
tool, and permit a better flow of coolant to the cut- 
ting edge. Figure 17 shows some of the various 
types of chip breakers. You usually grind chip 
breakers only on roughing tools. 

2-14. Grinding Cutting Tools. A tool must be 
ground to the correct angles; and it must be sharp, 
or it will not cut properly. Use a protractor head 
and blade to check the tool angles as the grinding 
progresses. The following example will help you 
understand how the various angles are ground. Al- 
though the tool we are using for this example is a 
right-hand roughing tool for high-carbon steel, you 
can apply the information to nearly any type of 
tool. We will be referring to figures 18 and 19 fre- 
quently during the grinding of the tool. 

( 1 ) Assemble the necessary materials and 
tools. 

Note: You will need the following items: 

• Tool blank, as shown in figure 19,A. 

• Protractor head and blade. 

• ^(;4-inch radius gage. 

• Grinding wheel dresser 

• Oilstone. 

Wrench to fit the pedestal grinder tool 
rest. 

(2) True and dress the grinding wheel, if nec- 
essary, and reposition the tool rest. 

(3) Position the tool, as rhown in figure 18, A 
and B, and grind the end relief nnd end cutting 
edge angles. 

iOTE: The recommended end relief angle for 
machining hi3h-carbon steel, as given in figure 14, 
is 8°. The end cutting edge angle can be from 8° 
to 1^^ 

Stop f;equently while you are grinding the tool to 
measure the angles with the protractor and blade. 

Note: Do not forget to compensate for the 
14'/^° angle at which the tool will be positioned 
when it is held in the toolholder. The effective end 
relief angle of 8° is obtained by grinding an angle 
of 22V2 °. Figure 12 will help you visualize the dif- 
ference between an effective and actual end relief 
angle. 

The tool should look like the one shown in figure 
19,B. after you have ground the end relief and end 
cutting edge angles. 



(4) Grind the side cutting edge and side relief 
angles. 

Note: Table 2 recommends a side cutting edgf 
angle of 15*^ and a side relief angle of 10° for ma 
chining high-carbon steel. 

Position the tool as shown in figure 18,C, at \e 
recommended 15° angle and tilt the tool forward 
10° in order to obtain the desired angles. The 
lower edge of the tool will contact the grinding 
wheel first when the tool is fXDsitioned correctly. 
Grind the side cutting edge and relief angles until 
the cutting edge is the length you want. 

Note: A %-inch length is usually sufficient for 
tool^ that are y^r, inch square. Longer lengths can 
be used on larger tools. 

Stop frequently and check the surface you are 
grinding to insure that the angles are correct. The 
tooi should look like the one shown m figure 19,C, 
at this point. 

(5) Grind the back and side rake angles. 

Note: The recommended back rake angle, 
given in table 2, for machi'^ing high-carbon steel is 
8° and the recommended side rake angle is 12°. 
Remember to compensate for the 14!/2° tool- 
holder angle when you grind the back rake. You 
will have to grind an actual back rake angle of 
negative 6V6° in order to have an effective back 
rake angle of 8°. 

Position the tool as shown in figure 18,E. Pull the 
right-hand end of the tool toward you 6V2^ to pro- 
vide the negative back rake angle. Tilt the top of 
the tool toward you to obtain the 12° side rake 
angle and lower the right-hand end of the tool 
until the cutting edge of the tool bit is horizontal. 
When the tool is positioned properly, press it 
strai[^ht into the grinding wheel. Stop and measure 
the rake angles frequently to insure that you are 
grinding them correctly. Grind th( rake angles 
until the surface that produces them joins the sur- 
face that forms the side relief and side cutting edge 
angles. When you have completed grinding the 
rake angles, th tool should look like the one 
shown in figure 19,D. 

(6) If you desire to grind a chip breaker, such 
as the angular chip breaker shown in figure 17, do 
it now. Dress the grinding wheel if the corner of 
the wheel is slightly rounded. 

Note: The corner of the wheel should be as 
square as possible. The necessary amount of cur- 
vature on the back surface of the chip breaker is 
provided by the breakdown of the grinding wheel 
corner as you grind the chip breaker. 
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Position the toe! so that the back edge of the chip 
breaker is at an angle of approximately 45° to the 
cutting edge of the tool and the bottom surface of 
the chip breaker is parallel to the surface that 
formed the rake angles. Press the tool into the 
grmding wheel, as shown in figure 18,F.JPie chip 
bre \er should be about 1/16 inch wide and 1/64 
inch to 1/16 inch deep. 

Note: The best width and depth depends upon 
the feed, depth of cut, and type of material you are 
machining. They can be determined only by trial 
and error. 

The tool should look like the one in figure 19,E, 
after you have ground the chip breaker. 

(7) Grind the nose radius. Position the tool so 
that the entire edge that is formed by the intersec- 
tion of the side relief and side cutting edge surface 
lightly contacts the surface of the grinding wheel, 
as shown in figure 18,D. Grind the radius by 
swinging the tool in a slight arc. The edge contact- 
ing the surface of the wheel should be the pivot 
point for the arc. Allow the radius that forms to 
blend smoothly into the end and side surfaces of 
the tool as shown in figure 16. Check the nose 
radius with the 1 /64-inch radius gage. 

Note: If the nose radius is too large, grind ei- 
ther the end or side surface of the tool to eliminate 
the radius. Then, grind a new nose radius. 

When the nose radius is correctly ground, the tool 
looks like the one in figure 19,F. 

(8) Hone the nose radius and each of the sur- 
fuces that form the cutting edge of the tool. Place 
one oi" the surfaces firmly against the oilstone and 
slide the tool toward the cutting edge. Repeat this 
operation until the surface is smooth and the cut- 
ting edge is sharp, then hone the remaining sur- 
faces. Finally, hone the nose radius. Place the nose 
radius against the oilstone and, as in grinding, 
swmg the tool in an arc. Hone the radius until it is 
smooth and blends into the end and side surfaces 
of the tool. 

Note: Proper honing will remove the burrs that 
are left after grinding, sharpen the cutting edge, 
and reduce the iriction between the chip and the 
surface of the tool, thereby increasing the life of 
the cutting edge and producing better finishes on 
the work. Careless honing dulls the tool and short- 
ens its cutting life, and re«^ults in poor finishes. Be 
careful! Keep the tool and oilstone properly alined 
with each other and never permit the oilstone to 
drag across the cutting edge of the tool. 

2-15. Toolholdcrs. General-purpose toolhold- 
crs are manufactured in straight; right-hand, and 
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Figure 20. Toolholdcrs. 

left-hand types, as shown in figure 20. You usually 
use a left-hand toolholder with a right-hand tool 
and a right-nand toolholder with a left-hand tool. 
This enables the cutting edge to cut in the direc- 
tion in which it is designed to cut with a mini- 
mum of interference from the toolholder and *he 
compound rest. The left-hand toolholder i« most 
often used for straight-turning operations, smce it 
allv/vvs the tool to cut closer to the chuck or lathe 
dog than other types. 

2- 16. Toolholders have square holes into which 
the tools are fitted after they have been ground to 
the desired shape. The forged toolholders are 
available in right-hand, straight, and left-hand 
types, with a 30° offset for the offset toolholders. 
The hand of a toolholder is determined in much 
the same way as the hand of a cutting tool. Hold 
the toolholder vertically by the blunt end with the 
set screw toward you. If the tool angles to the left, 
it is a left-hand toolholder, and if to the right, a 
right-hand toolholder. Also, commercial toolhold- 
ers generally have the letters L or R immediately 
after the model number embossed into their sides, 
which indicates the hand of the holder. Other 
types of toolholders are for special operations, 
such as parting, boring, and knurling, and will be 
discussed later in (his volume. 

3. Workholding Devices 

3- 1. Many different devices, such as chucks, 
collets, faceplates, driveplates, mandrels, and 'athe 
Centers, are used to hold and drive the work while 
it h being machined in a lathe. We will discuss 
these devices in this section. What workholding 
device should you select? There is no simple an- 
swer to this question. Your selection will be based 
on factors that differ for each particular job. How- 
evei, all of the fo'!owing factors should be taken 
into consideration when you select the workhold- 
ing device or devices to be used for a particular 
work project : 

• The shape of the work. 

• The operation to be performed. 
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Figure 21. Three-jaw universal chuck. 



• The degree of accuracy required in the aline- 
ment of the work. 

You will find that the selection of workholding de- 
vices becomes easier as you gain experience and 
become more familiar with the capabilities of the 
various devices. The first workholding devices we 
will discuss are lathe chucks. 

3-2 Lathe Chucks. Lathe chucks, which are 
clamping devices designed to hold and rotate 
work, are attached to the lathe spindle nose. The 
two chucks which you will use most often arc the 
universal, with three or six jaws and the independ- 
ent, with four jaws. You will also use the four-jaw 
combination chuck and collet chuck. 

3-3. Universal chuck. The universal chuck is 
used to hold hexagonal or cylindrical work when 
extremely accurate alinement is not essential. The 
universal chuck has self-centering jaws which are 
opened and closed by a scroll that is driven by a 
bevel gear, as shown in figure 21. The jaws open 
and close simultaneously when any of the djust- 
ing sockets are turned. 

Caution: To prevent accidents, always remove 
♦he chuck wrench from the chuck immediately 
after use. 



^ ■ 




STANDARD JAWS FOR ' .VERSE JAWS FOR 

SMAU DIAMETERS tARGE DIAMETERS 

Figure 22. Holding smal! and large diameter work. 



Figure 23. Four-jaw independent chuck. 

3-4. You can chuck round or hexagonal mate- 
rial with a universal chuck easily and quickly be- 
cause it has self-centering jaws. The jaws are not 
reversible on universal chucks; to enable them to 
hold large diameter work, some chucks have an 
extra set of jaws with stepped surfaces facing in- 
ward, as shown in figure 22. Others have jaws that 
arc made in two sections; the upper section can be 
reversed. Remove the screws which hold the upper 
section in place reverse it, and replace ^e screws. 
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Fij^ure 24. S'^all work held in a »our-jaw chuck. 
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Figure 25. Jaws reversed. 

Note: The chuck jaws and the jaw guide open- 
ings on universal ehueks are numbered. Install the 
jaws in the jaw guide openings that have corre- 
sponding numbers and nstall them in n jmerical 
sequence. 

3-5. Four-iaw independent chuck. The four-jaw 
independent chuck, as the name indicates, has four 
jaws that move independently of each other, giving 
it a wide range of application. You will use the 
f'^'^.-jaw independent chuck to hold work that is 
not cylindrical; cylindrical work that must be 
ilincd to run concentric to a previously machined 
surface; work that must be alined off center; and 
work requiring the removal of a small amount of 
material, for instance, a shaft that must have the 
diameter reduced by 0.002 inch. Figure 23 shows 
a four-jaw chuck with round stock held on center. 
Figure 24 shows how very small material may be 
held with the aid of buildup blocks. The jaws of a 
four-jaw chuck may be reversed to hold work 
which is too large to hold normally, as shown in 
figure 25. The four-jaw chuck has the greatest 
holding power of any chuck. 

3-6. Usually, the stock must run true (revolve 
concentrically) in the chuck. The work may be ap- 
proximately alined with the aid of the concentric 
circles machined in the face of the four-jaw chuck 
by adjusting the jaws until corresponding points on 
the jaws are located the same distance from a con- 



Figure 26. Checking trueness with chalk. 

centric circle. You can obtain closer alinement by 
using a piece of chalk or a pencil. Operate the ma- 
chine at a moderate speed and bring the chalk into 
contact with the revolving workpiece, as shown in 
figure 26. The chalk will contact only the high side 
of the work. The workpiece can be moved closer 
to center by loosening the chuck jaw opposite the 
mark and tightening the jaw nearest the mark. Re- 
peat this operation until the chalk leaves a mark 
entirely around the workpiece. You can achieve 
the greatest degree of accuracy, however, by using 
a dial indicator to aline the work. The indicator 
plunger should be on center height, as shown in 
figure 27, and perpendicular to the axis of the 
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Figure 27. Positioning indicator at center height. 
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Figure 28. Four-jaw combination chuck. 

work. Bring the plunger into contact with the work 
by means of the cross-slide. Kcolve the chuck 
slowly by hand and locate the high point by ob- 
serving the movement of the indicator needle. 
After adjusting the jaws, check the work again for 
runout and readjust as needed. Repeat this opera- 
tion until the indicator needle does not move. 

Note: Work should be held lightly in the chuck 
while it is being alined; it should be secured after it 
has been trued. A final adjustment may then be re- 
quired. Soft metal shims should be placed between 
the chuck jaws and any finished surfaces to pre- 
vent marring the work. 

3-7. Four-jaw combination chuck. The four- 
jaw combination chuck, shown in figure 28, has 
the features of both the universal chuck and the 
independent jaw chuck. You can adjust the jaws 
independently by turning the adjusting socket 
which operates the gear-driven scroll. This type of 
chuck is very useful when you are chucking dupli- 
cate pieces of irregular shape. Center one piece by 
adjusting the jaws independently and center simi- 
lar pieces by turning the adjusting socket. The 
jaws may be reversed to accommodate work of 
large diameters. 

3-8. Co/W chucks. You can use collet chucks 
to better advantage, in many cases, than cither the 
universal or independent jaw chuck. The accuracy 



with which collets are made, together with the 
method of gripping the work, eliminates the need 
for truing. However, there are limitations to the 
gripping power of the '^ollets and also to the range 
of work sizes that can be held in the collet chuck. 
You should use collets when accuracy in alinement 
is required and when the object has a suitable fin- 
ished gripping surface. Do not use collets on sur- 
faces that are not smooth and uniform. You 
should not perform operations such as thread cut- 
ting on work held in collets because of the possi- 
bility of the work slipping. The three types of col- 
let chucks in common use are the Oraw-in collet 
chuck, the spindle nose collet chuck, and the rub- 
ber-flex collet chuck. 

3-9. The draw-in collet chuck assembly, shown 
in figure 29, consists of a split collet, collet 
adapter, and a handwhcel and d^aw bar. A spin- 
dlc-nosc cap is usually provided to j^rotect the 
threaded lathe spindle nose, which would other- 
wise be left exposed. Also, by tightening the nose 
cap against the back of the collet adapter, you can 
remove the adapter with little difficulty. 

3-10. Split collets are made of hardened and 
tempered tool steel. They are accurately ground, 
both inside and outside, so that the hole (which 
provides a gripping surface), the body, and the ta- 
pered end .ire concentric. The large end of the col- 
let is tapered to fit the conicai opening in the collet 
adapter. This end is slotted to permit the collet to 
contract cr expand when it is drawn into or re- 
leased from the collet adapter in the lathe spindle. 
The other end of the collet is threaded to accom- 
modate the draw bar. A keyway is cut in the 
threaded end to fit a key in the adapter. This key 
prevents the collet from slipping in the adapter. 

Note: Always be <!ure the key is alined with the 
keyway before tighrening the draw bar. Otherwise, 
the threads on the collet could become damaged. 

Figure 30 shows the various parts of a split collet. 
Standard collets are made in fractional sizes to 
hold finished round stock. They are furnished in 
sets; the sizes increase in steps of 1/64 inch, 1/32 
inch, and 1/16 inch. On the smaller bench lathes. 
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Figure 29. Draw-»n colict chuck assembly. 
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Figure 30, Split collets. 

the maximum size stock which can be held in a 
collet varies from 1/2 inch to 3/4 inch. Each col- 
let is marked on the face to indicate its size. Never 
select a collet that is no more than 0.005 inch 
larger and no smaller than the work to be held. Do 
not tighten a collet if no work is being held in it to 
avo^'d springing the collet and impairing its accu- 
racy. Special collets are made to accommodate 
round material of wire gage sizes and square- and 
hexagon-shaped material. 

3-11. The collet adapter, which is shown in fig- 
ure 31, is accurately ground inside and outside to 
hold and center the collet in the lathe spindle. The 
outside of the adapter is tapered to fit the tapered 
bore of the lathe spindle. The front of the adapter 
has a conical opening which provides a seat for the 
tapered end of the collet and serves to contract the 
collet as it is "drawn in." The bore of the adapter 
is straight to accommodate the body of the collet. 

3-12. The draw bar, shown in figure 29, con- 
sists mainly of two parts: a steel tube threaded at 
one end to receive the threaded portion of the col- 
let and a handwheel which is attached to the oppo- 
site end. The draw bar fits the spindle bore and 
extends through the hole in the spindle to engage 
the threaded end of the collet. When the draw bar 
is rotated clockwise, it draws the collet into the 
collet adapter, causing the collet to contract and 
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Figure 3 1 . Collet adapter. 



tighten on the work. Turning the handwheel coun- 
terclockwise relieves the pressure on the collet 
against the conical opening of the adapter. This 
enables the collet jaws to expand and release the 
work. 

3-13. The spindle-nose collet chuck, such as 
the one shown in figure 32, mounts on the lathe 
spindle nose. It combines all of the parts of a 
draw-in collet assembly into one compact unit. 
The draw bar and collet adapter are part of the 
collet housing. Turning the handwheel tightens or 
releases the split collet. The collets are similar in 
application and restrictions to those which are 
used in draw-in collet assemblies. 

3-14. The rubber-flex collet chuck shown in 
figure 33, is similar to the spindle-nose type except 
for the collet, which consists of steel strips embed- 
ded in rubber. This allows them to expand and 




Figure 32. Spindlc-nosc collet chuck. 

contract much farther than the other types, giving 
them a much greater capacity. It requires only 1 1 
rubber-flex collets to hold work of any diameter 
from 1/16 inch to 1% inches. Allowing 0.005- 
inch capacity per collet, it would require 263 solid 
type collects to cover the same range of sizes. This 
type of collet is the weakest in holding power, es- 
pecially witii smaller uiameter work (under V4"), 
so don't attempt heavy cuts on work held in a rub- 
ber-flex collet. 

3-15. Faceplate. The faceplate is a large, round 
plate with T-slots and bolt slots machined in it, as 
shown in figure 34. It is mounted on the lathe 
spindle in the same manner as a chuck. You can 
use a faceplate to hold large, regularly shaped 
objects that would be difficult to hold in a chuck; 
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Figure 34. Faceplate. 

thin, flat work that would be distorted by the 
chuck jaws; and work that requires the machining 
of offset hole.- Y ^ can use many different clamp- 
ing devices, such as T-bolts, clamps, and shaper 
stofs, to clamp or hold the work to the faceplate. 
Figure 35 shows how flat objects can be clamped 
to a faceplate. An angle plate may be mounted on 




Figure 35. Work clamped on faceplate 

the faceplate and, in turn, odd-shaped work, such 
as the elbow in figure 36, may be fastened to the 
angle plate. Notice the counterweight in figure 36. 
When a heavy piece of work is mounted off center, 
especially when it is lastened to an angle pbte, a 
counterweight should be used to help offset vibra- 
tion. 




Figure 36. Work mounted on an angle plate. 
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Figure 37. Laihe s. 

3-16. Prior to mounting work which requires 
highly accurate machining on a faceplate, it is 
good p'^act'^e to first check the faceplate with a 
dial indicator. If the faceplate does not run true, a 
light cut may be taken acrosc the face to true the 
surface. Fefore taking the cut, be sure to recheck 
the spind . nose and the threaded or tapered hole 
in the faceplate, because the runout may be caused 
by a small chip, by dirt, or by a burr on the 
thread. If you then determine that a cut is neces- 
sary, you should take a cut which does not exceed 
the maximum amount of runout. Do not mount 
the faceplate on another lathe, because the face- 
plate may not " true and you may have to make 
another truing cut. 

Note: Take every precaution to protect the sur- 
face of the faceplate. Any shifting or slippage from 




Figure 38. Installing a mandrel with an arb^r press. 
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Figure 39. Solid mandrel. 

the pressure of the machining will damage the 
work and mar the surface of the faceplate. Place a 
piece of paper or shim stock between the work and 
the faceplate to prevent the work from slipping. 
When you clamp heavy or awkward pieces to the 
faceplate, it is sometimes advisable to mount the 
work with the faceplate lying on a bench. 

3-17. Driveplate. The driveplate is similar lo 
the face plate and is attached to the lathe spindle 
in the same manner. It has from one to four radial 
slots machined in it. The tail of the lathe dog is in- 
serted in a slot when work is machined between 
centers, and the lathe dog is driven by the drive- 
plate. Lathe dogs are devices which are clamped to 
the work so that it can be revolved by the drive- 
plate. These iathe dogs are made in various shapes 
to permit setting up different types of machining 
operations. Notice the safety lathe dogs shown in 
figure 37. They are designed to reduce the possi- 
bility of clothing being caught on them. You 
should use such safety dogs whenever possible. 



You should also place shim stock between the 
lathe dog and the workpiece to protect any fin- 
ished surfaces. Do not permit the tail of the dog to 
bind in the driveplate slot. Driveplates do not have 
T-slots, and work should not be mounted on them. 

3-18. Mandrels. Mandr3ls are cylindrical, 
metal shafts, which are used to hold and drive 
work. Work having a drilled, bored, reamed, or 
threaded hole may be mounted on a mandrel when 

is necessary to machine the outer surface of the 
work concentric with the hole; e.g., the outside di- 
ameter of a gear which must be concentric to the 
hole in it in order to run true on the mounting 
shaft. An arbor press is used to press solid, expan- 
sion, and eccentric mandrels into the hole, as 
shown in figure 38. A thin film ot white lead on 
the surfaces of the hole helps to prevent galling. 

3-19. Solid mandrel. The solid mandrel, which 
is shown in figure 39, can only be used on work in 
which the hole has been accurately machined to a 
standard size. I ne solid lathe mandrel is a cylindri- 
cal tool steel bar, >vhich is hardened, tempered, 
and accurately ground to a standard size. The 
body of the mandr ' is ground with a slight taper 
of approximately 0.006 inch per foot. The taper 
provides a means of securing the mandrel to the 
work to insure that the work and mandrel will ro- 
tate together. The shank ends of the mandrel are 
turned smaller than the body size, and they are 
machined with a flat. The flat surface provides a 
positive drive when you tighten the setscrew of a 
lathe dog against it. (The lathe dog, you will re- 
call, is driven by a driveplate.) The center holes 
on the mandrel are undercut below the ends of the 
mand.el to prevent their being damaged when the 
mandrel i:> pressed into the work. Solid mandrels 
are made in standard fractional sizes, with the size 
of the • landrel always marked on the large end to 
distinguish it from the small end. The sTiall end of 
the mandrel i^ usually a half thousandth of an inch 
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Figure 40. Expansion mandrel. 
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Figure 41. Eccentric mandrel. 

smaller than the standard size on mandrels up to 1 
inch in diameter. On the larger size mandrels, the 
small end is ground 0.001 inch undersize. The 
work is held on the mandrel and is driven by fric- 
tion. In view of this fact, you should avoid taking 
excessively deep cuts which could cause the work 
to slip on the mandrel. 

3-20. Expansion mandrel. Expansion mandrels 
arc made to accommodate a wider range of varia- 
tion in hole sizes than are solid mandrels. The 
most common type of expansion mandrel, which is 
shown in figure 40, has a tapered body and a split 
bushing that expands as tiie mandrel is forced into 
it. The amount of expansion depends upon the size 
of the mandiel. 

3-21. Eccentric mandrel. The eccentric man- 
drel is idei.tical to a solid mandrel except that it 
has two or mor.- center holes at each end. By 
mounting the mnndrel between the lathe centers 
on the offset center holes, you can turn the outside 
diameter of the work eccentric to its bore, as 
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Figure 42. Nut mandrel. 





Figure 43. Gang mandrel. 

shown in figure 41. The amount of eccentricity 
which can be machined on the work is governed 
by the distance of the offset center hole from the 
original center hole in the mandrel. 

3-22. Nut mandrel Nut mandrels, figure 42, 
are used to hold work when it is necessary to ma- 
chine surfaces concentric to threaded holes. The 
work is screwed on the mandrel, an^. the shoulder 
acts as a stop and helps drive the work. 
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Figure 44. Tapered plug mandrel. 



3-23. Gang mandrel Gang mandrels are used 
to hold several pieces of work which require ma- 
chining to the same outside diameter so that the 
outside diameters may be machined together and 
in proper relation the reamed or bored holes in 
the work. The nut holds the workpieces tight 
against the shoulder of the mandrel. Figure 43 
shows seveial spacers that have been machined on 
a gang mandrel. 
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Figure 45. Cam lock spindle. 
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Figure 46. Tapered spindle. 

3-24. Tapered plug mandrel. Tapered plug 
mandrels, the type shown in figure 44, are used 
to hold work having tapered holes. The taper on 
the mandrel must correspond tu the tapei in the 
work. 

3-25. Mounting Workholding Devices. Face- 
plates, driveplatcs, nose caps, and chucks are all 
attached to the lathe spindle in the same manner. 
We will discuss the mounting of a chuck, but most 
of the information pertaining to mounting will 
apply to the other dcvic.s as well. Three types of 
spindles are commonly used on lathes: the cam 
lock, shown in figure 45; the tapeicd, shown in 
figure 46, and the threaded, shown in figure 47. 
Except for the method of securing the chuck to tfte 
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Figure 48. Placing chuck on cradle block 

spindle, inounting a chuck on any type of spindle 
is done in the same manner. 

Caution: '^j prevent accidents, always turn the 
motor off while you are mounting or dismounting 
any device on the spindle. 

Note: Setting the machine for a low spindle 
rpm helps to lock the spindle and makes installing 
the chuck easier. 
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Figuni 47. Threaded spindle. 
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21 



16S 



EXTENDED JAW 




-DRIVE PLAIE 



Figure 50. Use of a soft metal block. 

3-26 Be sure that the spindel nose and the 
mounting surfaces on the chuck are clean and free 
of chips and burrs, or the chuck will not run true. 
Never place the chuck on the ways of the lathe; 
place It on a wooden cradle block, such as the one 
shown in figure 48, to prevent damage to the ways 
or injury to your fingers. (You do not need a cra- 
dle block when you arc attaching devices light 
enough to hold safely by hand.) You should leave 
the cradle block m place until the chuck is safely 
engaged The additional support given by the cra- 
dle block helps to prevent dropp ng the chuck, 
fhe method which you should use to secure the 
chuck depends upon the type of spindle Secure 
chucks that are mounted on cam lock spindles by 
turnmg the cam sockets (with the special wrench 
which is furnished) in the direction indicated by 
arrows on the spindle ^ose. Secure chucks that arc 
mounted on tapered spindles by tightening the 
threaded collar ujth the special spanner wrench. 
You may further tighten the collar by striking the 
handle end of the wrench with a lead mallet. Se- 
cure chucks thai arc mounted on threaded spindics 
by screwing the cnuck within a half turn of the 
shoulder and spinning it into contact, as shown in 
figure 49. 

3-27. Dismounting Workholding Devices. Re- 
moving a chuck, or other device, from the lathe 
spindle requires observing many of the precautions 
that you must observe when yon mount a chuck. 
Tuin the machine off, set it fc - a low rpm, and use 
a ciadle block when you remove chucks. 

3-28. On cam lock spindles, turn the socket 
counterclockwise until lines machined i:i the 
socket and spindle nose arc alined, then slide the 
chuck onto the cradle block. 

Caution: Keep your fingers out of the way as 
you guide the chuck onto the cradle. 




Figure 51. Work mounted between cenleis. 

The threaded collar, vvhich is used to secure the 
chuck on tapered spindles, is loosened with the 
spanner wrench. Strike the end of the wrench with 
a lead mallet, if nece^sary. Turn the collar by hand 
until it is free of the chuck, and slide the chuck 
onto the cradle block. To loosen a chuck on a 
threaded spindle, partially back out one of the 
chuck jaws. Insert a chuck wrench in an adjusting 
socket and, using the chuck wrench as a lever, turn 
the chuck backward until the extended jaw strikes 
a soft material such as brass, aluminum, or wood 
block on the ways, as shown in figure 50. The mo- 
mentu'-i of the gearing will cause the spindle to 
break free of the chuck and permit the chuck to be 
unscrewed by hand. The chuck may drop from the 
spindle quite suddenly, so be sure that the cradle 
block is in position before you unscrew the chuck. 
Some of the chucks for large lathes are very heavy 
and awkward to handle. To assist in mounting and 
dismounting these heavy chucks, a short piece of 
metal (6-8" long) can be tightened into the jaws 
and used as a handle. 
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Figure 52. Alining centers visually. 
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Figure 53. Indicator and test bar. 

Caution: Do not place your hands under the 
chuck at any time while it is being removed. 

3«29. Lathe Centers. Turning work held be- 
tween centers is a common lathe operation. Figure 
51 shows a typical setup for machining work be- 
tween centers. The chief advantage of machining 
work that is held in this manner is that you can re- 
move the work from the Lthe and replace it later 
for subsequent machining operations without dis- 
turbing the trueness of the turned surface in rela- 
tion to the center holes. The tailstock center, 
which does not rotate, is called the dead center. 
The headstock center is called the live center. 

3-30. Center alinement. Work that is to be 
tur ^d straight and true between cen* requires 
exact alinement of the centers; i.e., th .s of the 
live center must aline with the axis oi the dead 
center. They are alined by moving the tailstock 
laterally (at a right angle) »o the ways the lathe. 
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Figure 55. Use of female centers. 

3-31. The method of checking the accuracy of 
alinement depends largely upon the nature of the 
work. We will now discuss the methods which are 
most cominonly used to check center alinement. 

3-32. The cricket mark method is an approxi- 
mate method of alinement and is sai^sfactory when 
great accuracy is not required. The cricket marks 
on the tailstock are adjusted to read 0-0 by mov- 
ing the tailstock lateral adjustment screws. 

3-33. The visual method is also an approximate 
method of alinement; therefore, it is not s!'\able 
when great accuracy is required. Move the tail- 
stock forward on ihe ways until approximately ^ -^u 
inch remains between the points of the headstock 
and tailstock centers, as shown in figure 52. Then 
observe the centers visually from above for aline- 
ment, and adjust the tailstock as necessary. 

3-34. The dial indicator and test bar method is 
a positive method of alinement which is used when 
accurate alinement of the centers is necessary. A 
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Figure 54, I^the centers. 



Figure 56. Facing -Aork bet>^ecn ccnicrs 
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Figure 57. Supporting work with a crotch center. 

test bar is an accurately ground cylinder with the 
same diameter at both ends; the cylindrical surface 
is concentric and parallel to the axis of the center 
holes. Test bars are available in various diameters 
and lengths. Place the test bar between the centers 
and take a reading at each end of the bar with a 
dial indicator mounted on the compound rest. Ad- 
just the tailstock until you get identical readings on 
both diameters of the test bar. Figure 53 shows 
how an indicator and test bar are positioned to 
check the center alinement. 

3-35. The cut and try method is also a positive 
method of alinement; it may be used alone or in 
conjunction with the other alining methods to ob- 
tain accurate alinement. Place the piece to be ma- 
chined between centers and take a trial cut. Meas- 
ure the diameter at both ends and move the 
tailstock toward you for work that is larger at the 
lailstock end and away from you for work that is 
smaller at the tailstock end. If it is necessary, take 
more cuts and adjust the tailstock until the two di- 
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Figure 58. Supporting work with a drill pad. 
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Figure 59. Supporting work with a self- driving control. 

ameters are the same size or until the amount of 
taper is acceptable. 

Note: The length of the test bar or cut and trial 
piece should equal the length of the work as nearly 
as possible. This will prevent disturbing the posi- 
tion of the tailstock, which would destroy to some 
degree the accuracy of alinement. 

3-36. Types of lathe centers. Various types of 
centers may be used for general lathe work. The 
nature of the work must be taken into considera- 
tion when you select the type of center to be used. 
Refer to figure 54 as we discuss the most common 
types of lathe centers and their uses. 

a. Male centers have a conical point with a 60^ 
included angle. The male center is the most com- 
mon type. Figure 51 shows work mounted on male 
centers. 

b. Female centers have a 60'' conical center 
hole in the tip. They are inserted in the headstock 
or tailstock spindle, and they support work that 
has pointed ends, as shown in figure 55. 

c. Half centers are similar to male centers, ex- 
cept that a portion of the point is ground away. 
They ? sed only for facing work held between 
centers ,hown in figure 56. 
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Figure 60. Supporting work with a pipe center. 
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Figure 61. Correct and incorrect center holes 

d. Crotch centers have a 90"" groove machined 
in their face. They are used to support round stock 
when holes are drilled 90^ to the axis of the stock, 
as shown in figure 57. 

e. Drill pad centers have a circular disc or pad 
on one end. When a center is inserted in the tail- 
stock spindle, the pad supports flat work for oper- 
ations such as drilling, as shown in figure 58. 

/. Self-driving centers have a point in the shape 
of a pyramid; they are frictiction-driven and fric- 
tion retained. When a center is inserted in the 
headstock spindle, it supports and drives work on 
which a full-length cut is required, as shown in fig- 
ure 59 The material to be machined should be 
relatively soft so that the center may be easily 
pressed into one end of the workpiece' Work that 
is supported between centers in this manner is not 
as rigid as wo. ^ that is supported between male or 
female centers; liierefore, only light cuts should be 
taken. 

g. Ball bearing or nonfriction centers contain 
bearings that allow the point of the center to rotate 
with the workpiece while the shank remains sta- 
tionary in the tailstock spirdle. The center hole 
does not need lubrication when this type of center 
is used. 

h. Pipe centers are bearing centers wi h a very 
large conical point They are inserted in the head- 
stock and tailstock spindles to support pipe, tubu- 
lar work, and other hollow work. As shown in fig- 
ure 60, pipe centers are often used in conjunction 
with lathe chucks. 

Note: The points of dead centers may be 
burned off or damaged if they arc allowed to over- 
heat. Avoid overtightening the tailstock center and 
keep the dead center hole well lubricated with a 
mixture of white or red lead and lubricating oil. 



3-37. Center drilling work. Work that is sup- 
ported between centers must have center holes 
drilled in the ends of the work to provide bearing 
surfaces. Drill the center holes to conform to the 
60° included angle of the centers, as shown in fig- 
ure 61. Center holes are usually drilled with a 
combination drill and countersink, or as it is com- 
monly called, a center drill Center holes are 
drilled by one of the following methods: 

a. With the chuck holding the work and rotat- 
ing, feed the center drill into the work with the 
tailstock spindle. Face a small flat area in the cen- 
ter of the work with the point of the facing tool to 
allow the center drill to adjust itself more readily 
to the center of the work. 

b. Drilling on a drill press. 

c. Mount the center drill and drill chuck in the 
lathe headstock. Hold the work by hand, floating 
one end of the work on the tailstock center. A 
deep punch mark helps to support the work on the 
tailstock center while you are drilling the first cen- 
ter hole. 

3-38. Drilling the center hole to the correct size 
is very important. These are some of the factors 
which govern the size of a center hole: 

• Work diameter. The greater work diameter, 
the larger the center hole should be. Large center 
holes in small work are unsightly. 

• Hardness of material. The softer the mate- 
rial, the larger the center hole shou'd be. Center 
holes in soft material tend to sprecd under t' ; 
pressure of the cut unless they are made quit^ 
large. 

• Depth of cut. The heavier the cut, the larger 
the center hole should be. More pressure is ex- 
erted on the work during heavy roughing cuts; 
therefore, more bearing surface is needed ^jr the 
centers. 

• Operation being performed. Work subjected 
to heavy pressures, such as knurling operations, 
requires larger center holes than work subjected to 
light pressure, such as polishing opeiations. 

• Shape of the w 3rk. The shape of the work 
and the heat treatment that will be required often 
determine the size of the center hole. Large center 
holes that are close to flutes and grooves may 
cause the work to crack during heat treatment. 
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CHAPTER 2 



Turning Operations 



T N THIS AND the next two chapters, we will 
* deal with the various riiachining operations 
which you will perform on the lathe. This chapter 
Covers turning operations: facing and straight 
turning; machining shoulders, corners, and 
grooves; radii and form turning; taper turning; and 
drilling, reaming, and boring. 

4. Facing and Straight Turning 

4-1. We will discuss facing and straight turning 
first in this chapter because these are the two lathe 
operations which arc the easiest for a beginner to 
learn. Facing and straight turning are the simplest 
lathe operations. They are the two most common 
and frequent operations performed. One or both 
of these operations are often done to prepare work 
for other turning operations. 

4-2 Facing. Facing is machining the ends of 
a piece of stock smooth, flat, and perpendicular to 
the axis of the stock. You face work to cut it to the 
de'^ired length and to produce a surface from 
which accurate measurements may be taken. 

4-3. Facing work held in a chuck. Facing is 
usually performed with the work held in a chuck 
or collet. Allow the workpiece to extend a distance 
no more than IV2 tim. . the work diameter from 
the chuck jaws, and use finishing speeds and feeds. 
You may feed the tool from the outer surface of 
the work toward the center or from the center to- 
ward the outer surface. Normally, you should face 
from the outer surface toward the center. This 
method permits you to observe the cutting tool and 
layoff line while you are starting the cut. It also 
elimm-^^es the problem of attempting to feed the 
tool into the solid, center portion of the stock. Use 
a left-hand finishing tool and i right-hand tool- 
holder, positioned as shown in figure 62, when you 
face work from the outer surface toward the cen- 
ter. Work that has a drilled or bored nole in the 
center may be faced from the center outward if 
you use a right-hand finishing tool. 

4-4 The proper overhang of the tool, as shown 
in figure 63, and the toolholder, as shown in figure 
64, is important. Too much overhang may cause 



vibration; too little overhang may not provide 
enough clearance, causing the chuck to strike the 
compound rest or toolholder. 

4-5. Set the cutting tool on center height to per- 
mit it to cut properly and to avoid leaving a stub 
on the end of the stock. You may set the tool on 
center by alining it to the point of the tailstock 
center or to the center reference line machined on 
the tailstock spindle. You may also set the toll on 
center by alining it with a surface gage pointei' set 
at center height or by taking a trial cut and setting 
the tool pclnt to the center of the stub that may be 
left. Figure 65 shows the result of correct and in- 
correct positioning of the tool. 

4-6. Facing work mounted between centers. 
Work that has be-^n center drilled may be faced 
between centers se a half center, which allows 
the point of th tool to enter the center hole to 
support the tailstock end of the work, as shown in 
figure 56. The end of the tool must be ground to a 
point with a very small radius to provide clear- 
ance. The tool must be held in a straight or left- 
hand tool holder. Use fine feeds and light cuts to 
prevent breaking the tip of the tool. Be sure that 
the tool will move from the center hole toward the 
outer surface before you engage the power feed. 
Replace the half center with a standard male cen- 
ter as soon as you complete the facing operation. 
The half center does not provide enough support 
for general machining operations. 

4-7. Facing to length. To in ure that you will 
have enough material left to facf the second end of 
the stock to length, remove only enough material 
from the first end to clean it up. 

Note: If the work is to be mounted between 
centers, drill the first center hole before you re- 
move the stock from the chuck. 

4-8. VarioiN methods are used to face work to 
the desired length. One method is to lay out the 
work and face the second end until the layout line 
is split. You can also mcavure the piece after every 
facing cut with a rule. Succeeding cuts are taken 
until you obtain the desired measurement. If you 
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Figure 62. Facing setup. 



desire greater accuracy, you can measure the 
length of the stock with a micrometer or vernier 
caliper. Make the required depth of cut with the 
compound rest. Use the graduated collar on the 
compound rest to indicate the exact depth of cut to 
be taken. Figure 66 shows the setup for facing to 
length with the compound rest. Note that the com- 
pound rest is parallel to the axis of the work. 
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Figure 63. Cutting tool in toolhcldcr. 
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Figure 64. Tool holder overhang. 
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Figure 65. Effec of facing tool height. 

Note; Lock the carriage to prevent it from 
moving and producing a surface that is not flat. 

4-9. Straight Turning. Straight turning is the 
process of reducing the work diameter to a specific 
dimension. The carriage moves the tool parallel to 
the work axis. 

4-10. Machining to size. Straight tun 
usually consists of a roughing and a finishing cut. 
W'len considerable metal is to be removed, you 
may take several roughing cuts. The cuts should 
be as heavy as the work, machine, and cutting tool 
can withstand. 

4-11. If the work has two diameters, machine 
the larger diameter first. If you should accidentally 
machine the large diamete* n iderslz**, the piece 
may be salvaged by revi sing the stock in the lathe 
and machining the large diameter on the un- 
touched end. 

Caution: Do not attempt to iiiachine to a lay- 
out line or shoulder with power feed. Disengage 
the powei feed approximately of an inch from 
the line or shoulder and feed the carriage by hand 
the remaining distance. 

4-12. Usually, you should leave 0.010 inch to 
0.020 inch on the diameter of the work for the fin- 
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Figure 66. Facing work u^ing the compound rest 
graduated collar. 
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Figure 67. Backlash between feedscrew and nut. 

ishing cut. Rough machine the work to within 
0.020 inch of the desired diameter, using roughijig 
speeds, feeds, and tools. Replace the roughing tool 
with a finishing tool, and "pick up" the cut. Pick 
up the cut by placing a piece of paper between the 
tool and the work. Feed the tool slowly toward the 
work until you feel a slight drag cn the paper. 
Allov. for the thickness of the papei vvhen you 
make the required depth of cut. Stop the finishing 
cut and check the diameter of the work with a mi- 
crometer after you have machined Vs to f4 of an 
inch of the length of the cut. If the diameter is 
within tolerance, continue the cut to its full length; 
if not, alternately adjust the depth of cut and make 
trial cuts until the diameter is within tolerance. 

4-13. Use the cross-slide or compound rest 
graduated collars lo set the depth of cut when you 



wish to remove predetermined amounts of material 
from the work. The periphery of the cc'lars is 
graduated to provide a micrometer adjustment for 
setting the cutting tool. 

4-14. The graduations on some makes of lathes 
represent a tool movement of 0.00 1 incli, which 
would reduce the diameter by 0.002 inch. The 
graduations on other lathes represent a tool move- 
ment of 0.05 inch, which would reduce the diam- 
eter by 0.001 inch. 

4-15. The following example shows how you 
can use the feed graduated collar to remove a pre- 
determined amount of material from the diameter 
of the work: 

Work diameter = 1.000 i.ich 

Required diameter = 0.900 incH 
Amount to be removed = 0.100 inch 

If the crossfeed dial is graduated in 0.001 inch, 
you would move the dial 50 spaces; if it is gradu- 
ated in 0.0005 inch, you would move the dial 100 
spaces. 

4-16. Take readings on the graduated collar 
only in the direction in which the feed screw nor- 
mally rotates. The lost motion (backlash) between 
the feed screw and the nut, as shown in figure 67, 
prevents taking accurate readings when the rota- 
tion is reversed. When you must reverse the direc- 
tion of the feed screw, take up the lost motion by 
turning the feed screw handle until ihe movement 
of the screw causes the cross-slide or compound 
rest to move. Then turn the feed screw handle in 
the original desired direction to the required set- 
ting. 

4-17. Tooling setup. For most straight-turning 
operations, you aline the compound rest parallel to 
the cross-slide. Then move it to the right 30"" and 
clamp it securely in position. The toolpost should 
be on the left-hand side of the compound rest T- 
slot. The danger of running the compound rest 
into the chuck is reduced when the compound rest 
and toolpost are in these positions. Position the 
roughing tool approximately 5'' above center 
height. (Tiis is approximately %4 inch above 
center per each inch of work diameter.) The fin- 
ishing tool must be at center height. 
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Figure 68. Three common types of shoulders. 
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Figure 69 Squaring a shoulder with a side finishing 
tool. 

5. Machining Shoulders. Corners, Undercuts, 
and Grooves 

5-1. Many items which are manufactuicd on a 
lathe require the machining of shoulders, corners, 
undercuts, or grooves. The following information 
will help you perform these machining operations. 

5-2. Shoulders. A shoulder is the step or sur- 
face which joins two different diameters. Shoulders 
are turned or formed to various shapes to add 
strength, make a square corner, fit parts together 
or improve the appearance of a job. The three 
common shoulders: square, filleted, and angular, 
are shown in figure 68. 

5-3. Square shoulders are used on work that is 
not subject to excessive strain at the corners. This 
shape provides a flat clamping surface and permits 
parts to be fitted squarely together. Usually, you 
rough out square shoulders with a round nose 
turning tool and square the shoulders with a side- 
finishing tool. Figure 69 illustrates the method of 
feeding the tool to produce a square shoulder. 
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Figure 71. Machining an angular corner. 

5-4. To square a shoulder, you should first po- 
sition the compound rest parallel to the ways of 
the lathe. Next, position the side-finishing tool as 
shown in figure 69, making sure that the tool is on 
center height. Now feed in, picking up the surface 
of the small diameter with the tool, and set the 
cross-slide graduated collar at zero. Take a light 
depth of cut by feeding the tool toward the shoul- 
der with the compound rest. Using either hand or 
power feed, machine the face of the shoulder by 
feeding the tool away from the small diameter. If 
material remains, again move the tool toward the 
small diameter until the cross-slide collar reads 
zero, and take another cut on the shoulder. Repeat 
this operation as required until the shoulder is 
completely squared. 

5-5. Filleted shoulders or corners are used on 
parts which require additional strength at the 
shoulder. You turn these shoalders with a round- 
nose tool or form tool ground to the require rad- 
ius, as shown in figure 70. 

5-6. Angular shoulders, although not as com- 
mon as filleted shoulders, are sometimes used to 
give additional strength to corners, eliminate sharp 
corners, and improve the appearance of the part. 
They do not have the strength of filleted shoulders 
but are more economical to produce. You may 
turn angular shoulders with the side of the turning 
tool set at the proper angle, as shown in figure 
71, A, or with the end of a square-nose tool, as 
shown in figure 71,B. 

5-7. Comers. Comers are turned on the ex- 
ternal edges of work in contrast to the shapes 
which are turned on inner corners at shoulders. 
You turn corners on work to break down sharp 
edges and improve the general appearance of the 
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Figure 70 Machining a filleted corner. 



Figure 72. Types of comers. 
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Figure 73. Undercu«iig a shaft. 

job. Figure 72 will enable you to identify cham- 
fered, rounded, and square corners. 

5-8. Chamfered or angular corners are ma- 
chined with the same tools and setups which are 
used to machine angular shoulders, as shown in 
figure 71. 

5-9. Round corners are produced by turning a 
^mall radius on the ends of the work. You may 
form the radius by freehand manipulation of the 
cross-slide and carriage, using a turning tool; by 
using a file to break the sharp corner; or by using 
a radius form tool. 

5-10. Square corners are left by facing and 
straight turning operations. The sharp edge is 
usually broken down with a file to remove burrs 
and prevent injury in handling. 

5-11. Undercuts. An undercut is a reduction in 
dianieter of a portion of the length of a shaft. Un- 
dercuts reduce the weight of a shaft and also pro- 
vide clearance or "runout" for milling cutters, 
grinding wheels, or other cutting lools. An under- 
cut with filleted shoulders at each end may be pro- 
duced by using a roundnose turning tool as shown 
in figure 73. When a large amount of similar work 
is to be done, a tool without ,ide rake is preferred 
because it can bu fed in either direction. When you 
wish to turn on,y an occasional piece, you can eas- 
ily convert a right-hand turning tool by regrinding 
ihc radius on the nose of the tool. 

Note- While you are taking the depth of cut, 
move the carriage back and forth slightly to , > 
vent chatter -ind gouging ot the work. 

5-12. Grooves. Grcoves arc tr.icbincd in shafts 
to provide for tool runout, to uIoa' clearance for 
a^ cmblv of ceicain p)arts, to pro.ide a gripping 
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surface, and to provide ' ibrication channels. 
Square, round, and **V" grooves and the tools 
which are used to produce them are shown in figure 
74. To cut a round groove of a definite radius on a 
cylindrical surface, you must use a tool which is 
ground to fit the proper radius gage. Figure 75 
shows how a •;:i2-inch radius can be checked with 
a radius gage. The grooving fool is a type of form- 
ing tool. It is ground without side rake or back 
rake, and it is set to the work at center height with 
a minimum of overhang. The side and end relief 
angles are generally somewhat less than for turn- 
ing tools. When you machine a grjnve, reduce the 
spindle speed to prevent chatter, which often de- 
velops at higher speeds because of the greater 
amount of tool contact with the work. Check the 
depth of the groove or the diameter of the under- 
cut with an outside spring joint caliper or two 
wires and ?.n outside micrometer, as shown in fig- 
ure It. 



5/16 
LATHE TOOL 




53 — 210 



Figure 74. Three common types of grooves. 



Figure 75 Forming tool ground to fit radius gage. 

5-13. Parting. One of i.ie methods of cutting 
off a piece of stock while it is ^^;d in a lathe is a 
process called parting. This process uses a special 
shaped tool with a cutting edge similar to that of a 
square nose tool. The parting tool is fe ' nto the 
rotating work, perpendicular to its axis, cutting a 
progressively deeper groove as the work rotates. 
When the cutting edge of the tool gets to the cen- 
ter of the work being parted, the work drops off, 
as if it were sawed off. Parting is used to cut off 
stock, such as tubing, that is impractical to saw 
with a power hacksaw. Parting is also used to cut 
if work after other machining operations have 
been completed. Parting tools can be of the forged 
type, inserted blade type, or ground from a stand- 
ard tool blank. In order for the tool to have maxi- 
mum strength, the length of the cutting portion of 
the blade should be only slightly greater than half 
the diameter of the work to be parted. 
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Figure 76. Measuring the depth a groove. 



5-14. Work to be parted should be held in a 
chuck, with the point at which the parting is to 
occur as close as possible to the chuck jaws, as 
shown in figure 77. Always make the parting cut 
at a right angle to the center line of the work. Feed 
the tool into the revolving work with the cross- 
slide until the tool completely severs the work. 




5-15. Cutting speeds for parting are compara- 
ble to turning speeds. You should use a feed that 
will keep a thin chip coming from the work. If 
chatter occurs, decrease the speed and increase the 
feed, ki the tool tends to gouge or dig in, decrease 
the fe'~d. The parting tool should be at center 
height. It must be square to the work axis to pre- 
vent the tool from binding in the cut, as shown in 
igure 78. 

5-16. The length of the portion to be cut off 
may be measured by placing the edge of a steel 
rule against the side of the work and the end of the 
rule against the side of the parting tool, as shown 
in figure 79. Move the carriage until the desired 




Figure 77. Parting setup. 
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Figure 78. Position of a parting tool. 
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Figure 79. Measuring length to cut off. 

length is obtained. You may aiso aline the parting 
tool to ij layout line scribed on the workpiece. 

Noir Mways lock ilz carriage in pc.» ' to 
p'-evo ' it from moving while you are taking the 
p Tung cut nd use a cutting lubricant. 

Caution: Never use your hand to catch the 
piece being parted. It may be hot and have sharp 
edges. 

6. Radii and Form Turning 

6-^ You may use several methods to machine 
radii or irregular shapes. The method will depend 
upon the shape and size of the objert and the 
nuinber of pieces to be manufactured. 

6-2. Hand IvIaFiipulation. The cutting tool 
moves OP an i^ gular path when you move nc 
carriage and cross-slide simultaneously oy hand. 
You obtain the desiied radius or form by coordi- 
i.ating the moving of the carriage and cross-slide 
as you observe the cutting action. 

6-3. Form Tool, You may grind the form tool 
*o any desired shape or form. Th^ only require- 
ments are that the tool must have t » proper -eli^f 
pngles and rake, size, and contour -"ne most prac- 
tical use of the form tool is in n* ning several 
duplicate pieces, since the machining of one or two 
pieces may not warrant the time spent in grinding 
the tool. You can use form tools to machine either 
concave or convex radii. A concave radius curves 
inward and a convex radius cu^'ves outward. You 



use a concave tool for a convex radius and a con- 
vex tool for a concave radius. Figure 80 shows 
some typical shapes you can produce vnih form 
tools. 

6-4. Template and Pointer. In this method of 
form turning, you lay out the full-scale form of the 
work on a piece of thin sheet metal. Then, clamp 
the template to the bed of the lathe. Attac^i a 
P'^inter to the lathe cross-slide and, by hand ma- 
nipulation, foPow the scribed outline on the tem- 
plate to produce the form on the work. You will 
probably have to finish the form by hand filing 
and polishing. Figure 81 shows a template and 
pointer b^ing used to produce a contoured surface. 

6-5. Radius Rod. When you do concave form 
turning using the radius rod, the length of the rod 
sh juld be equal to the rcdius that you want to cut. 
Place tne . 3d between the cro. Ide and tailstock. 
'•-:> shown in figure 82. The cross-slide will thep 
.Tiove in an arc when you apply power feed to the 
cross-slide. The resistance of the cut holds the "od 
in position. 

6-6. Compound Rest. Whe.i you use this 
method, the compound rest and tool are swung 
from side to side in an arc. Form the desired rad- 
iu:, feeding the tool in or out with the com- 
pound slide. You can turn either a concave radius 
by positioning the tool in front of the pivot point, 
as shown in figure 83,A, or a convex radius by po- 
sitioning the tool behind the pivot point, as shown 
in figure 83,B. 

6- 7. Radius Attachment. This j.tachmeni may 
be one of two types. One fits directly on the com- 
pound re^t and is equipped with a handle to swivel 
the tool in the desired arc. The other type occupies 
the place of the cross-slide and compound rest. 
You can rotate the tool by hand feed or hy power 
if ihc attachment is geared to the apron of the 
lathn Figure 84 shows a hand-operated radius at- 
tachment being used to machine a convex radius. 

7. Taper Tu nin^ 

7- j. Many of the tools and parts that you will 
be using have tapcrc j portions. You must b^ able 
to identify the v..rious • pcrs and be able to ma- 
chine tapc-od objects. We will discuss the various 
standard uipcrs and their use; t'le methods of 




Figure 80. Forming tool. 
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Figure 8 1 . Template and pointer. 

checking tapers; and taper turning by means of the 
compound rest, tailstock, otfset, and taper attach- 
n^ent. 

V-2. Standard Tapers. The tapers on taper- 
shanked tools and machine parts, such as twist 
drill',, ena mills, reamers, lathe centers, drill 
chucks, etc., are from various standardized tape 
scries. Standard machine tapers are divir.d into 
^vo clas^^es: self-holding tapers and self-releasing 
tapers. 

7-3. Self-holding (slow) tapers. The term 
"self-holding" is applied to the smaller tapers be- 
cause the angle of the taper is only 2° or 3°. The 
shank of the tool is so iirmly seated in the socket 
that there is considerable frictional resistance to 
any torque tending to turn it in the socket. There 
are several different types of self -holding tapers. 




RECESS RADIUS ROD CROSS SLIDE 53 217 
Figure 82. Use of a radius rod. 
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Figure 83. Mac*:ining a ladius with the compound rest. 

a. Morse taper. There are eight different sizes 
of Morse tapers. The taper for each is slightly dif- 
ferent, but is approximat:ly Vs inch per foot in 
inost cases. Morse taper shanks are used on a vari- 
ety of tools; they are used exclusively on the shanks 
of twist drills. Spindles of drilling machines and 
most lathes are constructed to fit a Morse taper. 

b. Brown and Sharpe taper. There are 18 dif- 
ferent sizes of Brown and Sharpe tapers. The taper 
is approximately V2 inch per foot for all sizes ex- 
cept for taper number 10, which has a taper of 
0.5161 inch per foot. Brown and Sharpe taper 
F ckets are used for many arbors, collets, and ma- 
chine tool spindles, and especially for spindles on 
milling .achines and grinding machines. 

c. Tnrce-fourths-inch-pcr-fool t?pci. These ta- 
pers come in 1 1 sizes ranging from 2 to 12 inches 
in diameter at the large end. They are larger in 
size, taking up where the Brown and Sharpe and 




Figure 84. Radius turning attachment. 
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Figure 85. Types of standard taper drives. 

Murse tapers stop in the American Standard Self- 
Holding Taper Series. 

American Standard Self-Holding Taper Se- 
ries. Twenty-two taper sizes have been selected to 
mal up the American Standard Self-Holding 
Taper Series. This series contains 3 sizes of the 
Brown and Sharpe, all 8 les of the Morse, and 
all 1 1 sizes of the % -inch-per-f oot taper. 

e. Jarno taper. There are 19 different sizes of 
Jarno tapers; the taper per foot on all sizes is 
0.600 inch. All the dimensions of any size of Jarno 
taper may be found by using ? simple key based 
on the taper number. The diameter at the large 
end is as many eighths, the diameter at the small 
*d i*^- as many tenths, ?.nu the length is as many 
half inches as indicated oy the taper number, thus: 



Taper number 
8 

Taper number 
10 

Taper number 
2 



= large diameter 
= small diameter 
= length of taper 



For example, a No. 7 Jemo taper has a %-inch 
large diameter, a '^(^-inch smaller diameter, and a 
'/>-inch, or 3V^-inch, length. The Jarno taper is 
used on various machine tools, and especially om 
profiling and <^'e-sinking rouchines. It has also 
been used for the headstock and tailstock spindles 
of some lathes. 

/. Taper pins and reamers. Taper pins have a 
taper of Va inch per foot and come in 14 standard 
sizes. Taper pins are used on assemblies to secure 
pulleys, gears, and shafts to mating members. 
T'aper pin reamers are used to ream taper pin 
iioles. 

g. Other tapers. There are a number of other 
capers, but they are used to such a limitea exte 
that full tables are not given in the Machinery's 
Handbook. One, the Reed taper, which is used on 
some lathes, has the same taper as the Jarno taper, 
0.600 inch per foot, but it differs in both diameter 
and length. The Standard Tool Company has two 
tapers: stun lard and short. These V ers vary from 
0.600 inch to 0.630 inch p^T fo^i. The ellers 



taper has a 0.75C-inch-per-fooi taper; it has a key- 
v/ay the whole length of the taper but no tang. 

7-4. Self-releasing tapers. The term "self-re- 
leasing" is applied to the larger tapers to distin- 
guish them from the relatively small self-holding 
tapers. A milling m?»chine spindle, with a taper of 
3V2 inches per foot, is an example of a self-reltas- 
ing taper. The included angle in this case is more 
than 16° and the tool or arbor always requires a 
positive locking device to prevent slipping. The 
shank may be released or removed more readily 
than the shank of a smaller taper of the seK-hold- 
ing type. There are 12 sizes of American Standard 
Steep Machine Tapers, all of which have a taper 
of V/i inches per foot. Note in figure 85 the var- 
ious devices that are used to retain and drive 
standard tapers. 

Note; Detailed \t rmation pertaining to exact 
dimensions of standard tapers may be obtained 
froni machinists' publications such as the Machin- 
ery's Handbook. 

7-5. Checking Tapirs, You check tapers for 
accuracy w\h protractors, tapered ring gages, or 
micrometers and scribed lines. 

a. Protractors are used to check tapers when 
extreme accuracy is not required and when the re- 
quired taper is given in degrees. Figure 86 shows 
how a protractor head and blads are used to check 
a steep taper. 

ft. Tapered ring gages are used to check tapers, 
as shown in figure 87. Mate the tapered part and 
the gage and wiggle it. Plug gages arc used to 
check internal tapers. Any movement of the part 
in the gage inc'^^ates that the taper is incorrect. 

c. Tapers mav be checked by scribing equally 
spaced lines on the tapered portion of the work 
and determining the differences in diameters be- 
tween lines with a micrometer, as shown in figure 
88. Careful layout of the lines and alinement of 
the micrometer will help to insure accurate results 
when you use this method. 
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Figure 86. Checicing taper with a protractor head. 
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Figure 87. Checking taper with a tapered ring gage. 



7-6. Taper Turning with the Compound Rest. 
Both external and internal tapers can be turned 
with the compound rest. Use the compound rest 
primarily to Tiachine short, steep tapers, since the 
length of the taper that can be cut is restricted to 
the distance the compound can be moved. Position 
the compound rest at an angle measured from the 
center line of the work, figure 89,A, or from a line 
perpendicular to the center line of the work, figure 
89,B. For example, the 40° angle in figure 89,B, 
is measured from a line perpendicular to the cen- 
ter line of the work. In order to machine this 
angle, you .t first position the compound rest 
perpendicular to the center line, and then move it 
the required 40°. The graduations on the base of 
the compound rest swivel represent 1°. You obtain 
fractions of a degree by estimating the fractional 
spacing between divisions, as show., in figur . 90. 

7-7. The amount of taper is often designated as 
taper per ii.ch (TPI) or taper per foot (TPF). 
Frequently, no actual designation of the amount of 
taper is given at all The large diameter (LD), the 
small diameter (SD), and the length of the taper 
(L of T) are specified, and you must find the TPI 
before you can set the compound rest properly. To 



determine the angle at which the compound rest 
should be set, use the following formulas: 



TPI =z 



LD - SD 
Lof T 



Tangent of the angle (tan / ) =z 

2 

Let us suppose that a TPI of 0.800 is specified. 



Tan / — 



TPI 



0 800 



'>400 



it would now be possible to compute the angle -'t 
which to set the compound rest; however, it is 
more convenient obtain it from table of trig- 
onometric functions (often called trig tables). 
This table may be found in machinists' publica- 
tions, such as the MachinerVs Handbook, and in 
trigonometry handbooks. To determine the size of 
the angle, go down the "tangent" column until you 
find the tangent of the angle. The nearest value is 
0.39997. In the "M" column at the left side of the 
page opposite 0.39997 you will read 48 minutes. 
In the upper left corner of the page, above the 
minutes column, you will read 21° in boldface nu- 




Figure 88. Measuring taper per inch with a mic ometer. 
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Figure 89. Setting the compound rest. 

meials. Thus, 0.39997 is the tangent for IV 48'. 
\ou would set the compound lest for 21%^ to 
machine a taper per inch of 0.800. (If TPF had 
been specified, it would have be^n necessary to 
convert -c into TPI by dividing TPF by 12.) 

7-8. If the dimensions of a taper are given, as 
in figure 91, the computation would be as follows: 



TPI 

Ian Z 



LD - SD 



1.250 



1,000 



L of T 
I Pi 0.500 
1 " 1 



0 500 
= 0.2500 



= 0.500 



which is the tangent for 14° 2'. 

7-9. Taper Turning by Offsetting the Tailsfock. 

You use the oUset iailstock method to turn long 
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Figure 90. Determining fractional setting of compound 
rest. 



slow tapers because of the limited travel of the 
compound rest. The main reason for using this 
method is that not every lathe is equipped with a 
taper attachment. When ycu offset the dead center 
by moving the tailstock out of alinement, the cen- 
ter line of the work and the line of travel of the 
turning tool are no longer parallel, and a taper will 
be turned on the work, as shown in figure 92. Off- 
set the tailstock, ajter it has been undamped, by 
turning the tailstock lateral adjustment screws. Po- 
sition the cutting tool at center height in o'^der to 
turn a true taper. 

7-10. Calculating offset. When the taper per 
inch and the length of work are given, you can de- 
termine the amount of offset required to cut a 
taper by using the following formula: 

Tailstock offset (TO) = Japei^ ^ ^^^^^^ ^^^y. 

Example: To cut a taper having 0.050 TPI, 5 
inches in length on a piece of work 10 inches long, 
as shown in figure 93, the tailstock offset would be 
calculated as follows: 



Tpi 

TO = X LW 

2 




TO = 



0.050 



X 10 = 0.025 X 10 



TO = 0.250 = Va inch 

The amount of offset required to cut a taper, when 
the included angle and the length of work are 
given, may be determined in the following man- 
ner: 

( 1 ) First divide the included angle by 2 to de- 
termine the angle you must machine: 

\M u- - included angle 
Machine angle = — 



(2) Now, determine the offset by using the fol- 
lowing formula: 

Tailstock offset = tangent of angle X length of work 
TO = tan Z X LW 
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Figure 91. Dimensions of a taper. 
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Figure 92. Effect of 'ailstock offset. 



Example: If you wish to cut a taper with an in- 
cluded angle of 7*^ on a piece of work 12 inches 
long, as shown in figure 94, the calculations would 
be as follows: 



(1) Angle 



2 

Angle = 3^2 

(2) TO = tan 3'/2" X 12 
TO = 0.6116 X 12 



TO - 0.7339 



J2^inch 
64 



Note: You should note that the length of taper 
was not taken uto consideration in the foregoing 
formulas when you calculate the tailstock offset. 
You use only the overall length of the work and 
the TPI or the ovt'"all length of the work and the 
inciuded angle of the taper. 

7-11. When you determine the proper offset for 
the tailstock, remember that any change in the 
lengch of work between centers requires resetting 
the taiKtock if the taper per inch is to remain con- 
stant. A t^iven offset does not give a fixed degree 
of taper, because the taper increases as the length 
of work decreases, as shown in figure 95. 

7-12. Measuring ojjseL You may measure the 
amount of the tailstock offset by various m'^thods, 
depending upon the nature of the job. On work 
that does not require a grc t degree of accuracy, 
you may measure the amount of offset by reading 
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Figure 93 Calculatin. tnilstock offset when the 
dimensions are given. 



the graduations (called rncket marks) on the base 
of the tailstock, as shown in figure 96, Another 
method is to measure the lateral distance between 
centers with a machinist's rule, as shown in figure 
97. On work requiring a great deal of accuracy, 
you nay measure the amount of offset with an in- 
side caliner, with a dial indicator, by using the 
crossfeed calibrated collar, or by using the cut and 
try method. 

7-13. When you check the offset with an inside 
caliper, bring the toolpost to bear lightly against 
the side of the tailstock spindle, as in figure 98,A, 
and then back it away from the tailstock spindle a 
distance equal to the predetermined capper setting, 
figure 98,B. Then offset the tailstock until the tail- 
stock spindle again contacts the toolpost, as shown 
in figure 98,C. 

7-14. When you use the dial indicator method, 
first mount he instrument on the toolpost. Then 
position the indicator plunger to bear lightly 
against the side of the tailstock spindle. Then read 
the amoun* of offset on the indicator as you move 
the tailstock laterally, as shown in figure 99. 

7-15. When you use the crossfeed (cress-slide) 
calibrated collar method, position t' side of the 
toolpost near the tailstock spindle and then move 
the toolpost away from the tailstock spindle with 
the cross-slide, as shown in figure 100,A. This will 
eliminate the backlash. Then set the cross-slide 
graduated collar at zero and move the toolpost to- 
ward the tailstock spindle with the compound rest 
until you feJ a sligiit drag on a strip of paper be- 

INCLUDED ANGLE 
OF TAPER 7 ' 

T 
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Figure 94. 



Calculating tailstock offset when the 
induced angle is given. 
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Figure 95. EffeU of v\oik englh on taper. 

twccn the tailstock spindle and the toolpost when 
you pull on the paper, as shown in figure 100,B. 
Next, using the cross-slide graduated collar to indi- 
cate the amount of travel, move the tcolpoi t away 
from the tailstock spindle a distance equal to the 
desired offset. Thereafter, move the tailstock later- 
ally until you feel a slight drag on a strip of paper 
between the tailstock spindle and the tool post 
when you pull on the paper, as shown in figure 
100,C. At this point, you have obtained the de- 
sired offset. 

7-16. In the cut and try method, you offset the 
tailstock an approximate amount and take a trial 
cut on the work. Then measure the taper per inch, 
readjust the taiistock, and take more trial cuts until 
you obtain ^he desired taper per inch. The cut and 
try method is most accurate because tbe required 
laper is actually produced on the work. 

7-17. While the of^ -t method of taper turning 
is widely used, it has number of disadvantages. 
A slight variation in the length of the work or the 
depth of center holes will result in a variation in 
the amount of taper when duplicate pieces are 
being turned. The center holes of the work do not 
bear uniformly on the lathe centers; as a result, the 
center holes may be distorted, and the centers may 
be scor ' Also, you must realine the centers for 
straight arning after the tailstock has been offset 
for taper turning. The offset method is limited to 
work held between centers; therefore, only exter- 
nal tapers may be turned. The degree of leper that 
can be turned is governed by the maximum 
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Figure 96. Tailstock cricket marks. 



amount of tailstock offset and the length of the 
work. The range of offset of the tailstock varies 
from approximately V2 inch on small lathes to V/i 
Inches on larger lathes. 

7-18. Taper Turning with Taper Attachments. 
The taper attachment is used to machine both in- 
ternal and external tapers. The length of travel is 
considerably greater than that of the compound 
rest; however, the angle to which it may be set is 
limited. For several reasons, it is more desirable to 
machine a taper with the taper attachment than 
with the offset tailstock method. The lathe centers 
are in alinement; the wear on tbe centers and center 
holes is not as great. Most important, duplicate 
lapers may be machined on pieces of different 
lengths without changing the taper setting. Also 
mating internal and external tapers can be ma- 
chined without changinj the taper setting. 

7-^9. Description. The essential parts of the 
taper attachment shown in figure I''»l and the pur- 
pose each serves are as follcv s: 

( 1 ) The carriage bracket (A) is attached to the 
saddle of the lathe and supports the attachment. 
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Figure 97. Measuring offset with a steel rule. 

(2) The guide bar or swivel (B) acts as a 
guide for the guide block. It is swiveled and set to 
produce the desired amount of taper. 

(3) The r.hoe or quide block (C) travels on the 
guide bar and is ; bed to the cross-slide. 

(i) The guide tiock base (D) supports the 
guide bar. 

(5) The ciainoing .>crews (E) 'lamp the guide 
bar to its base. 

(6) The bed bracket (F) clamps ♦he guide bar 
to the lathe bed. 

(7) The guiuc block g^bs (n^ t shown) take up 
the wear between the guide block and the guide 
bar. 

W The jraw bar (G) connects the cross-slide 
to the guide block by m'jans of a ciamp (H) and 
relieves the pu^h and pall on the crcssfeed screw. 

7-20. Operation. Taper attachments vary in de- 
sign wi^h ditierent manufacturers; however, the 
operation of all of them Is basically the same. 
S^^ivel the guide bar to the -^red degree of taper 
and clamp it in position As tne carriage travels 
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Figure 98. Measuring offset with inside calipers. 



along the ways, the guide block will slide on the 
guide bar, causing th'". draw bar to push the cross- 
slide toward, or pull .t away from, the work. This, 
in turn, will cause the tool to move in a plane par- 
allel to the guide bar, and a taper will be machined 
on the work. 

7-21. On taper attachments hat are not 
equipped v/ith a draw bar, the push or pull is di- 
rectly on the croscfeed screw, and there will be a 
certain amount of lost motion or backlash between 
the crossfced screw and its nut. If backlash is not 
eliminated, a straight portion will be turned on the 
work. The backlash may be eliminated by one of 
two irethods, as follows: 

(1 ) Move the carriage and tool slightly past the 
sti :i of the cut, then return the carriage anc^ tool to 
the i,*art of the cut. 

(2) Move the cross-slide and the tool in the 
same direction in which the taper runs; that is. 
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Figure 99. Measurins; offset with a dial indicator. 



make the last movement of the cross-sl'de away 
from you when the small end of the taper is to- 
ward the hcadstock, or toward you when the large 
end of the taper is toward the headstock. Any fur- 
ther movement of the carriage, other than in the 
direction of the cut, will automatically put back- 
lash in the system. 

7-22. Taper attachments equipped with a draw 
b'lr do not have backlash. The draw bar connects 
the cross-slide directly to the guide block and 
takes the push and pull off the crossfeed screw and 
Its nut. You set the compound rest at a right angle 
to the way;> and take the depth of cut with the 
compound rest. This is necessary since the draw 
bar locks the cross-slide directly to the guide 
block, and the cross-slide cannot be moved with 
the crossfeed screw. The guide bar, which is swiv- 
eled and set to give the desired taper, is graduated 
in taper per foot on one end and degrees of taper 
on the opposite end, as shown in figure 102. To 
set the guide bar for the proper taper when the 
^aper per inch is given, multiply the TPI by 12 to 
get the taper per foot and set the graduated scale 
to the nearest fractional setting, i ble 3 will help 
you to change the decimal to the equivalent frac- 
tion. 

7-23. Let us assume that ycu are setting up a 
taper attachment prior to machining a drill sleeve 
for which a number 2 Morse external taper is 
specified. What setting would you use for the first 
trial cuts if you had decided to use the taper-per- 
foot graduations? The degree graduations? You 
can determine the taper-per-foot setting :* the fol- 
lowing manner: 

(I) Find the taper per inch of a number 2 
Morse taper in the machinist publication, such as 
the Machinery's Handbook. (TPI = 0.04995) 

v2) Convert the taper per inch into taper per 
foot. 

TPF = ?l X 12 
TPF =r 0.04995 X 12 
TPF = 0,5994 
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Figure 100. Measuring offset with the cross-slide graduated collar. 



(3) Ccnvert the decimal to a fraction, using a 
decimal equivalent table such as the one in table 3. 



Tan 



0.04995 



0.5994 



19 
32 



(0.5937) 



(4) Set the taper attachment to obtain a 19/32 
per foot taper. 

Note: Taper attachments are often graduated 
in ' t-iiich-per-foot Incrernents; therefore, you may 
have to estimate settings that fall between the Vs- 
inch f^'aduations. You can obtain sufficient accu- 
racy for the first trial cuts by setting the taper at- 
tachment for a taper of slightly less than % inch 
per foot. 

7-24. If you decided to use the degree gradua- 
tions, you would determine the degree setting in 
the following manner: 

(1) Fi.^d the tangent of the angle. (Tan = 
TPI ^ 
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Taper attachment. 





Tan 0.02497 

(2) Look in a table of trigonometric functions 
and find the angle represented by the tangent you 
have calculated. 

Tan 0.02497 = r26' 
or 

approximately 1 >/6 " 

Nc "t: The degree graduations on most taper 
attachments represent the included angle of the 
taper. There^^ore, you would set the t^per attach- 
ment to indicate wice the ang'e yoa have calcu- 
lated, or 3*^. 

8. Drilling, Boring, Reaming, and Recessinf 

8-1, You will frequently manufacture items in 
which holes must be drilled, bored, reamed, or re- 
cessed. These are common laihe operations. The 
information in this section will help you to per- 
form these operations. 

8-2. Drilling. You will often drill holes before 
you perform other internal operations. There are 
several methods of holding the drill. It may be 
held in a drill chuck, held in the tailstock spindic, 
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Figure 102. Guide bar graduations. 
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Table 3 
Decimal Equivalents 




DECIWtAL EQUIVALENTS 





16tit 


32nd 


641 h 


Dectmal 




16th 


32nd 


64th 


^ 

De c tm 2 i 








1 


01 5625 








i) 


51^'.2S 






1 


2 


03125 






17 


34 


5)U*> 








3 


046875 








35 


54687' 




1 


2 


4 


0625 




9 


IB 


36 


'^^^5 








5 


07B125 








37 


57&125 






3 


6 


09375 






19 


36 


59)75 








7 


109375 








39 


609 175 


1/8 


z 


4 


8 


125 


5/8 


10 


20 


40 


625 








9 


140625 








41 


b40bZ'' 






s 


10 


15625 






21 


42 


t>5b25 








1 1 


1 71875 








43 


67 1B75 




3 


6 


12 


1B75 




1 1 


zz 


44 


bB75 








1 3 


203125 








45 








7 


14 


21875 






23 


46 


7 lb 75 








IS 


2 34375 








47 


7 34375 


1 / 4 


4 


0 


16 


250 


3/4 


1 2 


^4 


4B 


750 








1 7 


265625 








49 


765625 








IB 


28125 






25 


50 


78 125 








19 


296875 








51 


79687^ 




5 


10 


20 


31 2^ 




I 3 


26 


52 


8 125 










328125 








53 


328125 










34375 






27 


54 


84^75 








23 


359375 








55 


859)75 


3/B 


6 


12 


24 


375 


7/8 


14 


2B 


56 


875 








25 


390625 








57 


890*>^5 






13 


Zf 


40625 






29 


5B 


90625 








27 


421875 








59 


921875 




7 


M 


28 


4375 




15 


30 


60 


937i 








29 


453125 








61 


953125 






IS 


30 


46875 






31 


62 


96875 








31 


4B43-'5 








63 


984375 


1/2 


8 


16 


32 


500 




.6 


32 


64 


1 000 



floarid on the dead center, or mounted in the 
headstock spindle. 

8-3. Usually, the dri'.l is held in a drill chuck 
that is mounted in the tailstock spindle. The drill is 
fed into the work by means of the tailstock hand- 
wheel as shown in figure 103. 

8-4. Taptr-shank drills may be held directly in 
the tapered bore of the tailstock spindle. When the 
tapers are unlike, use a socket reducer of the 
proper size lo fit the shank of the drill to the tail- 
stock spindle. Attach a lathe dog to the neck of 
large drills and allow the tail of the dog to rest on 
the compound rest. The dog prevents the drill 
from turning in the tailstock spindle bore, as 
shown in figure 104. Before inserting any taper 
shank tool into a taper bore, you should clean both 
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WORK 
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COMPOUND RtS- 

Figure 104. Supporting a drill in tnc tailstock spindle. 

the shank and bore. This will prevent damage to 
their finished surfaces and permit a tighter fit be- 
tween them. 

8-5. A straight or tapei-shank drill of large di- 
ameter may be supported in a drillholder, which is 
floated on the tailstock center, as shown in figure 
105. Also the drill may be noated directly on the 
tailstock center, as shown in figure 106. When the 
drill is floated on dead center, attach a lathe dog to 
it or allow the arm of th irillholder to re- on the 



TAPSR SHANK ORILL|oRILL HOLDER 

\ 





TOOL HOLDER 



33—240 

Figure 105. Drill holder floated on the dead center. 





Figure 103. Feeding a drill into the work. Figure 106. Drill floated on the dead center. 
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Figure 107. Steadying a drill. 

compound rest. The lathe dog or the drillholder 
arm prevents the drill from turning because of the 
fcce of the cut. There is also a tendency for the 
drill to pull into the work. Yon can prevent this by 
clamping a toolholder ii; the toolpost with the butt 
end of the toolholder against the side of the dog or 
drillholder, ao shown in figures 105 and 106. The 
lathe dog or drillholder arm will push the carnage 
forward as you feed the drill into the wcwk. The 
carriage will offer enough resistance to keep the 
drill irom digging into the work, and it will also 
hold the drill on the dead center as it breaks 
through the work at the completion of the cut. 

Caution: The v;ork must not be turning when 
you position the drill Never, under any circum- 
stances, withdraw the drill from the drilled hole 
without first stopping the lathe spindle. 

8-6 If the drill wobbles at the start of the cut, 
it may be supported near the point with a steady- 
ing tool until the hole is started true. Change the 
position of the toolholder so that the butt end 
serves as a steadying tool, as shown in figure 107, 
position B. After the drill has been started true, re- 
turn the toolholder to its original position, figure 
107, position A, to hold the drill back against the 
center. 

8-7. You regulate the depth of the hole by 
using the graduations on the tailstock spindle, as 
shown in figure 108,A. You can also regulate it by 
scribing a pencil line on the tailstock spindle and 
measuring the distance !he spindle travels with a 
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Figure 109. Boring in the lathe. 

steel rule, as shown in figure 108,B. Also, a pencil 
line or chalk mark maybe made on the drill to reg- 
ulate the depth. 

8-8. Certain jobs may require that the drill be 
mounted in the headstock spindle. The work is 
then supported on a drill pad center or a crotch 
center mounted in the tailstock spindle. The work 
is then fi. 3 into the drill by turning the tailstock 
handwheel. 

8-9. Boring. Boring is the proc of enlarging 
and truing a drilled or cored hole with a boring 
tool. The boring tool is mounted in the lathe 
toolpost. As you feed the tool longitudinally into 
the revolving work, the cutting edge of the tool 
enlarges the hole, as shown in figure 109. Boring 
is one of the more dependable methods of machin- 
ing holes which are round and concentnc. Boring 
can be used to true holes, so that in following ream - 
ing operations, the reamer will follow the true hole. 
Another advantage is that you can finish bore holes 
to any given size and leave the proper allowance for 
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Table 4 
Drill Sizes 





Decimal 




Decimal 




Decimal 


Size 


Equivalent 


Size 


Equivalent 


Size 


Equivalent 1 


\u 


0. 500 


3 


0. 213 


3/32 


0.0938 


31/64 


0. 4844 


4 


0.209 


42 


0.0935 


15/3Z 


0. 4688 


5 


0. 2055 


43 


0.089 


29/64 


0. 4531 


6 


0.204 


44 


0,086 


7/16 


0. 4375 


13/64 


0. 2031 


45 


0.082 


2.7 /fA 


0. 4219 


7 


0. 201 


46 


0.081 


Z 


0. 413 


8 


0. 199 


47 


0.0785 


13/32 


0. 4062 


9 


0. 196 


5/64 


0.0781 


Y 


0. 404 


10 


0. 1935 


48 


0.076 


X 


0. 397 


1 1 


0, 191 


49 


0.07^ 


25/64 


0. 3906 


12 


0. 189 


50 


0 r ,0 


W 


0. 386 


3/10 


0. 1875 


51 


0.067 


V 


0. 377 


13 


0. 185 


52 


0.U635 


3/8 


0. 375 


14 


0. 182 


1/16 


0,0625 


U 


0. 368 


15 


0. 180 


53 


0.0595 


23/64 


0. 3594 


16 


0. 177 


54 


0.055 


T 


0. 358 


17 


0. 173 


55 


0.052 


S 


0. 348 


11/64 


0. 1719 


3/64 


0.0469 


11/32 


0. 3438 


18 


0. 1695 


56 


0. 0465 


R 


0. 339 


19 


0. 166 


57 


0. 043 


Q 


0. 332 


7.0 


0. 161 


58 


0. 042 


21/64 


0. 3281 


21 


0. 159 


59 


O.O'l 


P 


0. 3Z3 


22 


0. 157 


60 


0. 040 


0 


0. 316 


5/32 


0. 1562 


61 


0.039 


5/16 


0. 3125 


23 


0. 154 


62 


0.038 


N 


0. 302 


24 


0. 152 


63 


0.037 


19/64 


0. 2969 


25 


0. 1495 


64 


0.036 


M 


0. 295 


26 


0. 147 


65 


0.035 


L 


0. 290 


27 


0. 144 


66 


0.033 


9/32 


0. 2812 


9/64 


0. 1406 


67 


0.032 


K 


0. 281 


28 


0. 1405 


i/32 


0.0312 


J 


0. 277 


29 


0. 136 


68 


0.031 


i 


0. 272 


30 


0. 1285 


69 


0. 0292 


H 


0. 266 


1/8 


0. 125 


70 


0.028 


17/64 


0. 2656 


31 


0, 120 


71 


0.02o 


G 


0.26i 


32 


0. 116 


72 


0.025 


F 


0. 257 


33 


0. 113 


73 


0. 024 


E-1/4 


0. 250 


34 


0. Ill 


74 


0. 0225 


D 


0. 246 


35 


0. 110 


75 


0.021 


C 


0. 242 


7/64 


0. 1094 


76 


0. 020 


B 


0. 238 


36 


0. 1065 


77 


0.018 


15/64 


0. 2344 


37 


0. 104 


1/64 


0.0156 


A 


0. 234 


38 


0. 1015 


78 


0.016 


1 


0. 228 


39 


0.0995 


79 


0.0145 


2 


0. 221 


40 


0.098 


80 


0.0135 
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Figure 1 10. Types of boring bars. 



reaming. Holes of odd sizes must always be bored 
to size when reamers or special sizing tools are not 
available. 

8-10. Boring is usually preceded by drilling un- 
less the work is already provided with a hole. The 
drilled hole should be large enough to permit the 
boring bar to enter and, at the same time, suffi- 
cient material should be left to permit machining 
the hole true to size. Generally, the drilled hole di- 
ameter is %2 inch smaller than the diameter of 
the bored hole. Table 4 will help you to select the 
proper drill. Always use the largest size boring bar 
that will clear the hole. This insures greater rigid- 
ity and will decrease the tendency of the tool to 
chatter. 

8-11. Speed and feed. The speed for boring a 
hole is the same speed you would use if you were 
straight turning work of the same external diame- 
ter. Hole size is used for calculating rpm as op- 
posed to work diameter used in turning operations. 

8-12. Use feeds for boring which are considera- 
bly slower than those you use for straight turning, 
because there is less rigidity in a boring setup. De- 
crease the depth of cut for the same reason. 

8-13. Boring tools and holders. Boring tools, 
shown in figure 110, are available in a variety of 



types. Some of these tools are forged or ground 
from a solid bar, whereas others are high-speed 
tools which are held in boring bars and holders. 

8-14. A solid boring tool may be ground from 
an ordinary lathe tod blank, as shown in figure 
1 10,A; or it may be a tool steel rod th?t has been 
bent and ground, as shown in figure 110,B. The 
round type can be placed between two small 
blocks and clamped in the toolpost of the li-t^^ 
Boring tools ground from high-speed tool blanks 
are especially handy for boring small diameter 
holes. 

8-15. A boring tool that held in a boring bar 
which in turn is held in a boring bar holder, can be 
adjusted for overhang. You can extend or retract 
the boring bar in the boring bar holder to suit the 
length of the hole, thus providing the greatest ri- 
gidity for a given hole. Another advantage of the 
boring bar is that you can easily remove the tool 
for sharpening or replace it without disturbing the 
position of the holder. The boring bar consists of a 
cylindrical steel bar with a square hole broached at 
either end or both ends to receive a cutting tool 
and a setscrew or clamping device to lock the tool 
in position. Ordinarily, these tools are held in the 
bar at a 30°, 45°, or 90 angle. Two types of bars 
are commonly used: the plain solid bar, figure 
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Figure 1 12. Use of the clamping block. 



110,A, and the threaded cap type, figure 110,B. 
On the plain bar type, the tool is held by means of 
a setscrew. On the end cap type, the tool is locked 
in position by the wedging action of a hardened 
plug against the tool when the cap is tightened on 
the bar. 

8-16. The boring bar is held in a boring bar 
holder, as shown in figure 111,C and D. The type 
of boring bar holder shown in figure 1 1 1,C, is held 
in the toolpost in the same manner as an ordinary 
toolholder. The type of boring bar holder shown in 
figure 1 1 1 ,D, is placed over the toolpost after the 
toolpost rocker and ring have been removed. A 
block of metal is then placed in the toolpost be- 
tween the clamping screw and the base of the bor- 
ing bar holder, as shown in figure 112. Tightening 
the clampmg s^rew secures the boring bar holder 
in place. 

8- 1 7. Boring tool geometry. The angles g^'ound 
on boring tools may vary as required to suit the 
material being machined. Boring tools with 10^ 
side relief and back rake angles, figure 1 13, A, and 
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Figure 114. Cutting edge angle*" 



a 15° side rake angle, figure 1 13,8, are commonly 
used for boring steel and give good resi'^^ 'Wth 
other materials as well. The end relief, hOv.,..er, 
varies according to the diameter of the hole. No 
definite amount of end relief can be specified be- 
cause the angle increases for smaller diameters. 
The end relief angle should be ground so that the 
heel of the tool will iOt rub the surface of the hole. 
Figure 1 13,C, shows the result of insufficient end 
relief. 

8-18. The end of the boring too) may be 
ground, as shown in figure 1 14, A, for boring to a 
shoulder. It may be ground with a 20° entrance 
angle, as shown in figure 114,B, for boring com- 
pletely through the hole. 

8-19. Tool setup. Position the boring tool, as 
shown in figure 115, fc. traight boring. Note that 
the tool is positioned 5° above center; for taper 
boring it must be on center. Extend the boring bar 
only far enough to bore to the required depth. Be- 
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Figure 1 16 Alining taper attachment guide bar 

fore starting th.; machine, move the boring tool 
into the hole to eheek for elearanee. 

Note- A peneil line drawn on the boring bar 
may be used to gage the distance to feed the tool 
into the hole; or a micrometer carringe stop, which 
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Figure 1 17. Marking boring bar. 

we will discuss later in this volume, may be used to 
accurately bore to a given depth. (Caution: Al- 
ways feed the carriage by hand for the last part of 
the cut when vou are boring to a shoulder to pre- 
vent dam?'' J the too! or the work). 



8-20. A bell-niouthed hole (larger at the start 
of the hole than at the end) may result from the 
spring in the boring bar, possibly caused by a dull 
tool or too heavy a cut. You can correct this by 
occa^.lonally i'':cding the tool out of the hole with 
the same setting that you use to feed it into the 
hole, sharpening the tool, or reducing the feed or 
depth of cut. 

8-21. The diameter of straight-bored holes may 
be measured with a micrometer and inside cali- 
pers. It may be measured with a micrometer and a 
telescope gage. Also, it may be measured with a 
go-no-go gage or mating parts. 

8-22. Taper boring Holes may be taper bored 
b} using 'he taper attachment or the compound 
rest in the same manner as for taper turning. How- 
ever, the cutting action takes place on internal sur- 
faces instead of external surfaces, and boring tools 
instead of turning tools are used. 

8-23. When you bore tapers by using the taper 
attachment, position the compound rest at a right 
angle to the ways. Mount the boring tool on the 
compound rest at center height. Then, swivel the 
taper attachment to give the desired taper. Swivel 
the tape .UUichment guide bar parallel to the line 
of travel of the cutting tool required to machine 
the desired taper, as shown in figure 116. Then, 
move the boring bar into the hole the desired 
depth. Scribe a line on the bar to indicate the ap- 
proximate distance to feed the bar on succeeding 
cuts, as shown in figure 1 17. When you bore blind 
taper holes, you should use a drill size of the same 
diameter as the small end of the taper. If the exact 
drill size is not available, use a drill size a few 
thousandths of an inch larger. When you bore 
through holes, the drill size should be enough 
smaller than the small diameter of the taper to 
allow sufficier* material for truing the hole. 

8-24. The compound rest is convenient for bor- 
ing short tapers and internal angles. The com- 
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Figure 1 18. Boring short tapers. 
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Figure !19. Checking internal tapers. 



pound rest also permits you to bore steeper tapers 
than it is possible to bore by using the taper at- 
tachment. However, the length of taper that can be 
bored with the compound rest is limited by the 
length of travel of the compound rest slide. Use ei- 
ther a boring bar, figure 118,A, or a regular turn- 
ing tool, figure 118,B, to turn short tapers, de- 
pending upon the size of the opening. Mount the 
tool in the lathe toolpost. The tapered hole is 
bored by feeding the compound rest by hand with 
the compound rest set at the required angle. 

8-25. Checking interna! Tapers. Internal tapers 
are generally checked for accuracy with a taper 
plug gage, figure 11 9, A, or with the mating part, 
figure 1 19,B. Insert the gage in the bored hole and 
wiggle it. Any movement of the gage indicates that 
the taper is incorrect. Adjust the taper attachment 
guide bar, or the compound rest when it is being 
used, and take trial cuts until the taper of the bore 
corresponds to the taper of the gage. Then bore 
the hole until the gage enters the bored hole far 
enough to aline the gage line with the surface of 
the work, as shown in figure 120. When the open- 
ing of the taper is quite large, you may check the 
angle with a protractor, as shown in figure 121. 

8-26. Reaming. Reamers are used to produce 
smoother, more accurate, and more uniformly 
shaped holes than can be produced by drilling. 
Hand reaming and machine reaming are done in a 
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Figure 120. Gage line. 
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Figure 121. Measuring taper angle with a protractor. 

lathe 111 the same manner as in a drill press, except 
that the reamer is in a horizontal rather than a ver- 
tical position. Always use the recommended cut- 
ting lubricant, shown in table 3, when you are 
reaming. 

8-27. Hand reaming. Hand reaming is used to 
produce highly accurate holes. Usually, you should 




Figure 122. Recess. 
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Figure 123. Recessing tool. 

first drill the hole approximately 1/32 inch under- 
size, and then bore it within 0.003 to 0.005 inch cf 
the final diameter. To hand-ream the hole, hold 
the work stationary in a chuck with the hand reamer 
supported on the tailstock center. Turn the reamer 
with a wrench as you feed it into the work with the 
taiistock handwheel. 

Caution: Never attempt to use a hand reamer 
for machine reaming. 

8-28. Machine reaming. Machine-teamed holes 
are usually less accurate than hand-reamed holes, 



but more accurate than drilled holes. You should 
drill or bore the hole to within 0.010 to 0.015 inch 
of final size and then ream it. The machine reamer 
is held in the same manner as a drill with the same 
type of shank. It is fed slowly and smoothly into 
the work. A constant rate of feed produces the 
best results. The spindle speed for machine ream- 
ing is half the speed which you would use to drill a 
hole of the same diameter. 

8-29. Recessing, Recessing, sometimes called 
channeling or chambering, is the process of ma- 
chining a groove, as shown in figure 122, in a 
drilled, bored, or reamed hole. Recesses are 
usually machined to provide room for tool "run- 
out" for subsequent operations. Grooves are often 
machined to accommodate snaprings or O-rings 
and for lubrication. 

8-30. High-speed tool Wanks, ground to the 
proper shape and held in a boring bar and holder, 
can be used as recessing tools. However, the re- 
cessing tool must have flank relief on both sides of 
the cutting edge. A large high-speed tool blank 
which is ground as shown in figure 123 makes a 
satisfactory tool for machining small recesses. Be 
careful not to exert too much pressure on this t>pe 
of took, as it is brittle ana breaks easily. 
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CHAPTER 3 



Threading Operations 



ONE OF THE MOST important ope ations 
that can be performed on a latlie is the cut- 
ting of threads. Bolts, studs, nuts, and threaded 
shafts are used extensively as holding and measur- 
ing devices. A knowledge of threads, thread sys- 
tems, and thread cutting is essential to you as a 
machinist. This chapter will be divided into two 
sections. The first will be devoted to basic infor- 
mation and the second to the machining of 
threads. 

9. Threads and Thread Measurement 

9-1. In this section we will discuss basic thread 
information, such as threading terms, the Unified 
Thread System, thread designation, thread meas- 
urement, and threading tools. 

9-2. Threading Tenns. To be able to under- 
stand threads and threading operations, yov must 
know the meaning of certain terms. Figure 124 
will help you to understand the following defini- 
tions. 

a. Thread. A thread is the ridge or projection 
remaining after a uniform, helical groove is cut on 
the outside or inside of a shaft or hole. 

h. Threads per inch. Threads per inch is the 
number of threads per inch measured parallel to 
the thread axis. It is used in conjunction with the 
outside diameter to designate the size of the 
thread. For example, 3/4 — 10 indicates 10 
threads per inch on a piece of stock 3/4 inch in di- 
ameter. 

c. Thread angle. The thread angle is the angle 
formed by the intersection of the two sides of the 
thread groove. 

d. Helix angle. The helix or lead angle is the 
angle formed by the inclination of the thread and a 
plane perpendicular to the thread axis. 

e. Major diameter. The major diameter is the 
largest diameter of an external or internal thread. 

/ Pitch diameter. The pitch diameter is the di- 
ameter of an imaginary cylinder that is concentric 
with the thread axis and whose periphery passes 
through the thread profile at the point where the 



width of the thread and the thread groove are 
equal. The pitch diameter is the diameter which is 
measured when the thread is machined to size. A 
change in pitch diameter changes the fit between 
the thread being machined and the mating thread. 

g. Nominal size. The nominal size is the size 
which is used for identification. For example, the 
nominal size of a 1/2 — 20 thread is 1/2 inch, but 
its actujl size Is slightly smaller to provide clear- 
ance. 

h Actual size. The actual size is the measured 

si::.e. 

/. Basic size. The basic size is the theoretical 
size. The basic size is changed to provide the de- 
sired clearance or fit. 

/. Pitch. Pitch is the distance from a point on a 
thread to a corresponding point on the next thread 
measured parallel to the thread axis. 

k. Lead. Lead is the lateral distance a thread 
moves per revolution. On a single-lead thread, the 
lead and the pitch are identical; on a double-lead 
thread, the lead is twice the pitch; on a triple-lead 
thread, the lead is three times the pitch; etc. Figure 
125 shows the difference between the lead and the 
pitch of a double-lead thread. 

/. Crest. The crest of a thread is the top ,urface 
that joins the two sides of the thread. 

m. Root. The root of a thread is the bottom 
surface that joins the two sides of adjacent threads. 

//. Truncation. Truncation is the perpendicular 
distance from the crest of a thread or the root of a 
thread and the point of intersection that would be 
created if the sides of the thread were extended to 
form a sharp "V." 

o. Crest clearance. Crest clearance is the per- 
pendicular distance between the crest of a thread 
and the root of a mating thread when it is engaged. 

p. Thread depth. Thread depth is the perpendi- 
cular distance between the crest and root of a 
thread. 

q. Width of a basic crest or a basic root. The 
width of a basic crest or a basic root of an Ameri- 
can Standard Unified thread is one-eighth of the 
pitch. 
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Figure 124. Thread parts. 

9-3. Now that you are familiar with the terms 
which are used to describe the various parts of a 
thread, we will discuss the American Standard 
United Thread System, or as it is commonly 
called, the Unified Thread System. 

9-4. UniGeJ Threads. The Unified Thr'^ad Sys- 
tem is the thread system which is currently used 
for most screws, bolts, and threaded products pro- 
duced in the United States. It is replacing the 
American National Thread System which has been 
used for many years. The two systems are very sim- 
ilar; the main differences are the tolerances and 
the allowances and the manner in which they are 
applied. The Unified Thread System was estab- 
lished by the United States, the United Kingdom, 
and Canada to provide a thread system that would 
permit all three countries to interchange threaded 
parts. 

9-5. Form. The Unified thread form is practi- 
cally the same as the form which h^^ always been 
used in the United States. The preferred American 
practice is to retain a flat crest, whereas the British 
prefer a rounded crest. The root of the thread, as 
machined in the United States, may be either flat, 
as it is cut by a new tool, or it may have whatever 
rounding that results from a worn tool. The British 
prefer the rounded root. However, these minor 
variations in machining do not interfere with one 
thread being interchanged with the other. Figure 
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Figure 126. Unified and National thread form. 

126 shows the forms of the Unified thread and the 
American National Thread. 

9-6. Series. Thread series are groupings of di- 
ameter and pitch combinations that differ in the 
number of threads per inch for a thread of a given 
diameter. The tliree common series are the coarse 
thread series, the fine thread series, and the extra 
fine thread series. In addition to these, theie are 
series based on a constant number of threads re- 
gardless of the diameter. The constant pitch series 
are based on 4, 6, 8, 12, 16, 20, 28, and 32 
threads per inch. Tables listing the diameter and 
pitch combinations for the various thread series 
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Figure 125. Double-lead thread. 
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Figure 127. Thread gages. 
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Figure 128. Thread calipers 

can be found in machinists' publications, such as 
the Machinery's Handbook. 

9-7. The coarse thread series is most commonly 
used for general applications. It is also used when 
threaded holes are required in soft metals, such as 
aluminum, brass, bronze, magnesium, etc., be- 
cause the threads arc deeper. The fine thread se- 
ries IS often used for aircraft nuts, bolts, etc., be- 
cause vibration won't loosen them as easily as 
coarse threads. The fine scries is also used when 
only a short length of thread engagement is possi- 
ble and when the wall thickness of material pro- 
hibits the use of the deeper coarse thread series. 
The extra fine series is used for applications simi- 
lar to the fine series when even finer threads are 
required^ such as adjustment screws in a throttle of 
an aircraft. 

9-8. Thread Designation. A thread is desig- 
nated according to the nominal size, the number of 
threads per inch, the series symbol, and the class 
symbol, in that order. For example, the designa- 
tion 1/4 — 20 UNC — 3 A is explained as follows: 

1/4 = nominal thread diameter 
20 = number of threads per inch 




Figure 129. Measuring threads wilh a thread 
micrometer. 



UNC = series (Unified coarse) 
3 = class 

A = external thread 

Unless the designation LH (left hand) follows the 
class designation, the thread is assumed to be a 
right-hand thread. An example of the designation 
for a left-hand thread is: 1/4—20 UNC— 3 A— 
LH. The symbols used to Identify the thread scries 
are these: 

UNC- Unified coarse 
UNF— Unified fine 
UNEF — Unified extra fine 
UNS — Unified special 

9-9. Constant pitch series are identified by the 
number of threads per inch of the series, followed 
by the Unified symbol (UN), such as SUN or 
32UN. The same symbols are used to identify the 
old National Thr-^ad System, except that the letter 
U is omitted. For example: 1/4 — 20NC — 2. 

9-10. The class symbol designates the tolerance 
grouping to apply to a given thread. Each size of 
thread has three classes of fit, which are identified 
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Figure 130 Position of external threading tool in 
toolholder. 

as class 1, 2, or 3. In addition to the numerical 
designation, the letter A indicates an external 
thread class and the letter B indicates an inter 
thread class. The tolerances for class 1 threads a. 
greater than those for class 2, and the tolerances 
lor class 2 threads are greater than those for class 
3 threads. Any desired fit can be obtained by using 
an external thread of one class with an internal 
thread of another class, such as a 2A bolt and a 
3B nut. Complete listings of Unified threads and 
the dimensions of the threads for each class can be 
found in machinists' publications, such as the Ma- 
chinery's Handbook, 

9-11. Thread Measurement. Thread measure- 
ment is necessary to insure that the thread and its 
mating part will fit properly. It is important that 
you know the va'-ious measuring methods and the 
calculations which are used io determine the di- 
mensions of threads. 
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Figure 131. Calculation of helix angle. 



9-16. Thread micrometers. Thread micrometers 
are used to measure the pitch diameter of threads. 
They are graduated and are read in the same man- 
ner as ordinary micrometers. However, the anvil 
and spindle are giound to the shape of a thread, as 
shown in figure 129. Thread micrometers come in 
the same size ranges as ordinary micrometers: 0 to 
1 inch, 1 to 2 inches, etc. In addition, they are 
available in various pitch ranges. The number of 
threads per inch must be within the pitch range of 
the thread micrometer. The micrometei method is 
one of the most accurate methods for measuring 
pitch diameter. 

9-17. Threading Tools. Before you can cut a 
thread on a lathe, you need tools that have been 
properly ground for thread cutting. The following 
information pertains to threading tools for Unified 
and National threads. 

9-18. The threading tool must be sharp, 
smooth, and properly shaped to machine the de- 
sired thread form. Tlie Unified and National 
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9-12. Several methods can be used to check 
threads. The one which you will use will depend 
upon the accuracy required for the particular 
thread which you are machining. 

9-13. Mating part. The use of a mating part is 
a common practice when average accuracy is re- 
quired. The thread is simply machined until the 
mating part will assemb'?. A snug fit is usually de- 
sired, with very little play, if any, between the 
parts. 

9-14. Thread gages. Go and no-go gages, such 
as those shown in figure 127, are often used to 
check threaded parts. The thread should fit the go 
portion of the gage; but should not screw into the 
no-go portion. The threaded plug gage is one of 
the most exact means of checking internal threads. 

9-15. Thread calipers. Thread calipers, shown 
in figure 128, are similar to common calipers, ex- 
cept that the icgs are ground to the shape of a 
thread. They are used to measure from a finished 
thread to the thread being machined and are fairly 
accurate. 
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Figure 132. Helix angle increases as lead 'ncreases. 
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Figure 133. Heiix angle decreases as diameter increases. 



thread forms have a 60° included angle and 
straight sides. The threading tool must be ground 
to produce this form. It is good practice to grind 
two threading tools, one for rough threading and 
one for finish threading. The roughing tool should 
have a 10° to 15° side rake angle and 0° back 
rake angles. 

9-19. The tops of both roughing and finishing 
tools must be ground as shown in figure 130 to 
eliminate the back rake given the tool by the tool- 
holder. The cutting edge of the tool must be hori- 
zontal in the toolholder and set at center height. 
The effective end relief angle should be the same 
as for turning tools, approximately 8° to 10°. The 
side relief angle depends upon the helix angle of 
the thread. You can find the helix angle of the 
thread in a machinist publication, such as the Ma- 
chinery's Handbook, or by using the follo ving for- 
mula: 
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Figure 134. Straight and offset threading tools. 
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9-20. The side relief angle is ground y to 6° 
more than the helix angle, as shown in figure 131. 
Figure 132 shows why more side relief is required 
as the thread lead increases. Figure 133 shows 
why less side relief is required to cut a given num- 
ber of threads on a large diameter shaft than on a 
shaft of smaller diameter. 

9-21, It IS not practical to grind a tool for every 
pitch thread; there^^ore, you should grind the tool 
to accommodate a range cf pitches. A tool with 8° 
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Figure 135. Grinding threading tool form. 
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to 10° side relief will safely cut threads which 
have more than eight threads per inch. Side relief 
should be ground only on the leading or cutting 
edge, although it is good practice to grind a slight 
relief on the trailing side. Check the form of the 
threading tool with a 60"^ center gage. The rough- 
ing tool should be ground from 1/4° to 1/2° less 
than the gage angle, while the finishing tool should 
be ground to fit the 60'' gage angle. Both sides of 
the thread are finished when you use a finishing 
tool of this shape. For cutting fine pitch threads 
and threads that do not require great accuracy, 
you may finish the thread to size with the roughing 
tool. The truncation or flat on the end of the tool 
should be from one-half to two-thirds that re- 
quired by the thread in order to produce sufficient 
relief at the root of the thread. You may grind the 
threading tool to the most convenient shape for the 
job at hand, straight or offset, as shown in figure 
134. Grind tools for internal threading with end 
relief to conform with the radius of the bore. 

9-22. Right-hand and left-hand threading tools 
differ in the same manner as right-hand and left- 
hand turning tools. When you view the threading 
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Figure 1 36. Grinding side rake. 
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Figure 137. Grinding truncation. 

tool from the front or cutting end, the cutting edge 
IS on the right side of a right-hand tool and on the 
left side of a left-hand tool. 

9-23. You would grind a threading tool by first 
grinding the end relief angle. Then grind the top of 
the tool to eliminate baek rake, as shown in fi-arc 
130. 

Notl: You may place the tool in a toolholder 
to check the 0^ back rake angle. 

Next, grind the included angle of the tool and, at 
the same time, grind the side relief angle on the 
eutting edge, as shown in figure 135. Tilt the tool 
as \ou grind it so that the cutting edge is parallel 
to the axis of the grinding wheel. Check the in- 
cluded angle with a center gage, and check the 
cutting edge for straightness, as shown in figure 

135. Beginning at the top of the trailing edge of 
the tool, grind the side rake angle until the surface 
"runs out" at the cutting edge. Keep the cutting 
edge parallel to the wheel axis, as shown in figure 

136. ^ 

Note: Omit doing this when you are grinding a 
finishing tool. Grind the truncation on the point of 
the tool, as shown in figure 137. For very fine 
threads, use an oilstone f^r this purpose. Grasp the 
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Figure 138. End of work prepared for threading. 
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Figure 139. Undercut for threading tool runout. 

tool close to the end being stoned and stone the 
tool with the relief and rake surfaces held flat 
against the oilstone. This method prevents round- 
ing the cutting edges and changing the shape of the 
tool 

10. Machining American Standard and 
Unified Threads 

1 0-1. All of the thread cutting you do involves 
eithc the machining of external or internal 
threads. The machining of the latter differs mainly 
in the way in which the work and the cutting tool 
arc set up. In this section, we will discuss machin- 
ing external and internal threads, threading with a 
tap and die on a lathe, left-hand threads, multiple 
threads, and pipe threads. 

10-2. Machining External Thkeads. Thread 
cutting is done by causing the carriage and tool to 
move along the work a distance equal to the re- 
quired lead of the thread for each revolution of the 
work. Thi? operation is known as chasing threads. 
The tool is ground to the shape of the thread to be 
cut, and the resulting thread is a helical ridge of 
uniform section. The lead screw of the lathe is ro- 
tated by means of a gear train connection between 
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Figure 141. Action of threading I'X)!. 



the spindle and lead screw. The split nut mounted 
m the apron engages the lead screw and actuates 
the movement of the carriage. On lathes having 
both a feed rod and lead screw, it is necessary to 
disengage *he feed rod und power feed clutches 
and to transfer the power from the quick-change 
gearbox to the lead screw by making the necessary 
lever changes. 

10-3. To obtain good results in cutting threads, 
you must make sure that ( 1 ) the work is properly 
prepared, (2) that the tool is correctly set up, and 
(3) that the latne gearing is properly arranged be- 
fore you begip the actual threading operation. 
First, we will discuss the preparation of the work; 



then we will discuss the tooling setup, the lathe 
gearing, and the threud-cutting operation. 

10-4. Preparation of the work. The portion of 
the work to be threaded must be machined to the 
maior diameter of the thread. You can use any 
suitable method to hold and drive the work. If the 
work is held between centers, the tail of the lathe 
dog should be wedged securely against the side of 
th? driveplate slot which contacts the tail. A small 
wooden wedge can be used to do this. Drive the 
wedge in tight enough to insure tnat it will rem.ain 
in position. If the dog is not held solidly ia the slot, 
the threading tool may "grab" w'.en a cut is 
started and damage the threads or t ^ol. 

10-5. Either chamier the end of the portion of 
the work being threaded at a 45^ angle to a depth 
slightly greater than the thread depth, figure 
138, A, or machine it in the form of a radius, fig- 
ure I38,B. Chamfering prevents the formation of 
0 sharp, easily damaged first thread. It also helps 
to aline the mating threads. 

10-6. A groove is often machined at the head- 
stock end of the thread portion prior to cutting the 
th'-cad to provide a place for the threading tool to 




Figure 143. Thread stop. 
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run out. Th^s allows threaded parts to screw on all 
the way to a shoulder. The groove should be 
slightly wider than the thread pitch, and the depth 
should be equal to or slightly greater than the 
thread depth. The side of the groove adjacent to 
the portion to be threaded should be chamfered, or 
rounded, as shown in figure 139. This prevents 
cutting a sharp edge of thread during the threading 
operation. You may use a roundnose tool or a 
parting tool which has slightly rounded corners to 
machine the groove. 

10-7. Threading tool setup. Position the com- 
pound rest 30° to the right of the perpendicular 
position, as shown in figure 140, to rough cut 60^ 
right-hand threads. The thread is produced by a 
series of cuts which are made by feeding the 
threading tool into the work at the 30° anfle with 
the compound rest, as shown in figure 141. This 
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Figure 144. End gearing. 

produces the correct angle on the trailing side of 
the thread groove. You obtain the angle on the 
leading side of the thread groove by setting the 
cutting edge to the proper angle. Set the threading 
tool at center height and aline the cutting edge 
v^ith a center gage, as shown in figure 142. 

10-8. Use the crossfeed to withdraw the tool at 
the end of the cut and to reposition the tool at the 
start of each cut. A thread stop ma> be used to 
quickly bring the cross-slide and tool to the origi- 
nal setting at the beginning of each cut. Some 
thread stops directly control the movement of the 
crossfeed screw, whereas others fasten to the 
cross-slide, as shown in figure 143. Set the thread 
stop adjusting nuts to stop the threading tool just 
before it touches the surface of the work when it is 
moved toward the work wi^h the cross-slide. When 
a thread stop is not used, set the cross-slide gradu- 
ated collar to read ^*zero" jvst before the threading 
tool touches the work. Pick up the surface by feed- 
ing the tool the remaining distance with the com- 
pound rest. 

10-9. Lathe gearing. The ratio between the 
spi.nJie rpm and the lead screw rpm determines 
the number of threads per inch that will be pro- 
duced. If the spindle revolves 12 times while the 
threading tool advances 1 inch, 12 threads per 
inch will be produced. Changing the ratio between 
the spindle and the lead screw changes the number 
of threads per inch. On modern lathes a quick- 
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change gearbox is used to change the ratio. The 
number of threads per inch desired is obtained by 
positioning the gearbox levers, as indicated by the 
plate that is usually fastened to the gearbox. The 
gearbox levers shift the gears within the gearbox 
and vary the ratio between the spindle rpm and 
the lead screw rpm. This will give the lead screw 
rpm to obtain the desired number of tlireaas per 
inch. 

10-10. Occasionally, a gearbox will not pro- 
duce the number of threads per inch that must be 
cut. However, it is possible to obtain the desired 
number of threads per inch by replacing the spin- 
dle stud gear, shown in figure 144, with a gear 
having a different number of teeth. You would use 
the following formula: 




N 



A X B 



N = number of teeth on the replacement gear. 
A — number of teeth on the spindle stud gear. 
B = number of threads per inch to be cut. 
C = number near to B on the gearbox that will make 
N an even number. 

10-11. Assume that you wish to cut 27 threads 
per inch and that 27 is not available on the gear- 
box. Count the number of teeth on the spindle 
stud gear and use this number as A in the formula. 
In this case, assume that it is 32. B is equal to 27. 
The formula now reads: 



N 



_ n X 27 

c 



Now, select a number of threads per inch nearest 
27 that are available on the gearbox plate and 
solve the formula, using each number as C, until N 
finally is an even number. By trial and error, you 
find that 24 is the number nearest 27 that makes 
N come out as an even number: 

N = 32 X 27 
24 

Solving the formula, you obtain a value of 36 for 
N. If the original spindle stud gear of 32 teeth is 
replaced with a gear of 36 teeth and the gearbox 
levers are positioned to cut 24 threads per inch, 27 
threads per inch will actually be produced. 

Note: Always replace the original spindle stud 
gear after the thread has been cut. The lathe will 
not cut the number of threads shown on the gear- 
box plate if the substitute is left in the lathe. 

10-12, Now the work has been prepared and 
the threading tool is properly positioned; arrange 
the gearbox or end gearing to produce the number 
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Figure 146. Thread chasing dial instruction: 

of threads per inch desired. You are ready to cut 
the thread. 

10-13. Cutting threads. In cutting threads, first 
pick up the surface of the work with the threading 
tool. Then move the tool to the right of the work, 
iviake a depth of cut with the compound rest. Posi- 
tion the split-nut lever to engage the split nut with 
the lead screw in order to start the thread-cutting 
(operation. Engaging the split nut \/ith the lead 
screw causes the carriage to move as the lead screw 
revolves. Cut a thread by makirg a series of cuts in 
which the threading tool follows the original 
groove for each cut. Use the thread-chasing dial, 
shown in figure 145, to determine when to engage 
the split nut so that the threading tool will track 
properly. The dial is attached to the carriage and 
is driven by means of the lead screw. An instruc- 
tion plate, which is usually attached to the apron 
of the lathe, provides instructions about the use of 
the thread-chasing dial for various threads; read 



them carefully before you start the threading oper- 
ation. Some types of lathes are not equipped with 
a thread-chasing dial; instead, they have a re%ers- 
ing lever. When you cut threads with this ♦ype of 
lathe, it is necessary to withdraw the tool at the 
end of the cut and reverse the direction of motion 
of the iead screw. When the thread being cut is a 
multiple of the thre ids per inch on the lead screw, 
the split nut may be closed at any position. In this 
case, it is not necessary to use the thread-chasing 
dial. Figure 146 shows a typical thread-chasing 
dial and the instructions on its use. 

10-14. Allow the threading tool to feed to the 
end of the threaded section. Back the tool away 
from the surface ot the work with the rross-slide 
and, at the same time, disengage the split nut. 
Move the tool to the right end of the work with the 
carriage and stop the lathe. Check the number of 
threads per inch cut on the work with a screw 
pitch gage, a center gage, or a rule, as shown in 
figure 147. Check the side relief angle of the 
threading tool visually by using a rule, as shown in 
figure 148. If the number of threads per inch and 
the clearance angle are correct, mrve the tool with 
the cross-slide until it is stopped by the thread 
stop, or move it until the graduated collar is ze- 
roed, if you are using the collar. Take an additional 
depth of cut with the compound rest and engage 
the split nut at the proper time, as .hown by the 
thread-chasing dial. At the end of the *hread, dis- 
engage the split nut and back the tool a\/ay at the 
same time. Move the tool to the right end cf the 
thread and make additional cuts unti^ y^u obtain 
the desired pitch diameter. 

10-15. Use spindle speeds that aie much slower 
than those you would use for a regular turning op- 
eration. Faster speeds can be used a-^. you gain skill 
and experience. The depth of cut varies with the 
size of the thread, the material being cut, and the 
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Figure 148. Checking side clearance of (hreacing tool. 

kind o; finish desired. Very coarse threads permit 
greater depths of cut than finer threads. Threads 
that do not require finishing should be roughed te 
size by making smaller depths of cui to ensure a 
smoother back side of the thread. Foi cutting 8 to 
10 threads per inch, the depth of cut for the first 
few cuts may be from 0.005 to 0.010 inch. As the 
thread becomes deeper, the depth ot cu. should be 
decreased until only 0.002 to 0.003 inch is taken. 
Always use the cutting lubricant recommended for 
the material being machined. 

Note: The movement of the compound rest to 
cut the thread to dapth will be approximrtely % 

of the pitch, or 

number of threads ner mch. 

10-16. For very tine threads and for threads re- 
quiring only an ordinary degree of finish, you may 
omit the finishing step. Finish the thread to size 
with the roughing tool by taking light cuts during 
the roughing operation. For precision thread cut- 
ting, the thread is roughed out, leaving a sufficient 
amount of material for finishing (0.005 to 0.010 
inch on the thread depth). The amount will de- 
pend upon the coarseness of the thread pitch. 

10-17. You may use several methods to finish 
threads. A simple and effective method for finish- 
ing the general range of thread pitches is to use a 
tinishing tool ground to a 60"* included angle. 
Feed the tool with the compound rest set at 29°. 
The 29° setting of the compound rest allows a 
fine, light cutting action with the leading or cutting 
edge of the tool on the front side of the thread. It 
also produces a slight cutting or scraping action on 
the back side of the thread. Therefore, both sides 
of the thread are finished simultaneously. Take 
successive passes over the work until the thread is 
cut to the proper depth. For best results, the last 
few finish cuts should be very thin (0.0005 inch or 
less, if possible). A cut of this depth will produce 
a mirrorlike finish, provided that all other condi- 
tins are correct. The tool must take a positive chip 



from the work at all times. If the tool is not sharp 
or if too light a cut is taken, the tool will ride over 
the work and the surface will be hardened to some 
extent. On the next pass, the tool may take a 
heavy cut and gouge the work. 

10-18. Very coarse pitch threads (6 pitch and 
coarser) are sometimes finished by first finishing 
the back side of the thread and then finishing the 
front side The finishing tool is ground to an in- 
cluded angle of slightly less than 60° (58° to 
59°) to pHow clearance between the tool and the 
opposite side of the thread as each side cr the 
thread is be .ig finished. The threading tooi has 
neither side nor back rake. When you use this 
method of finishing, you pick up the back side of 
the thread and feed the tool straight into the work 
with the cross-slide lo the thread depth. Then, 
reset the tool, pick up the front side of the thread, 
and finish it by feeding the tool with the c ^- 
pound rest set at 30° until the thread deptn is 
reached. This method of finishing, although effec- 
tive, is very exacting. Any error in setting the tool 
and picking up the thread will be reproduced on 
the thread being cut. 

lC-19. After removing the threading tool to 
sharpen it or to replace it with a finishing tool, you 
have to pick up the threading cut. You should 
mount the new threading tool at center height and 
at the correct angle. Back the tool away from the 
work, engage the split nut, and stop the lathe after 
the tool has traveled part way a»ong the threaded 
portion. LEAVE .HE SPLIT NUT ENGAGED. 
If you place a piece of white paper on the cross« 
slide, it will assist you by providing better visibility 
between the tool and the work. Position the 
threading tool in the thread groove by using the 
cross-slidi and compound rest. Pick up the back 
'^ide of the thread groove with the point of the tool 
by pbring a piece of paper between the thread 
surface and tool to act as an aid. Leave some 
clearance between the cutting edge of the tool and 




Figure 149. Position of internal threading tool. 
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Figure 150. Alining cutting edge of internal threadine 
tool. 

the front side of the thread groove. Now set the 
cross-slide graduated collar at zero or lock the 
thread stop. Withdraw the tool and begin a new 
cut by engaging the split nut as the work revolves. 
Pick up the cut on the front side of the thread by 
slowly feeding the tool in with the compound rest 
as it travels along the thread groove. Continue ma- 
chining the threads in the usual manner. 

10-20. Machining Internal Threads. The rules 
controlling internal thread cutting are much the 
same as those for external thread cutting. How- 
ever, for internal thread cutting you will encounter 
the same clearance restrictions and tool problems 
that P'e present in internal recessing oper?* 
Use tiie sam toolholders for internal thr u 
ting tl at you use for boring, except that ^ 
tool has a thread form which is fed at thi ^ mat- 
ting ratios of feed-to-spindle revolutions. Another 
difference between baring and internal threading is 
in the cutting ang' at which the cuttirg too' ap- 
proaches the work. As in exr'**nal thread cuirng, 
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Figure 151. Preparation of work for internal thicads 



the internal threading tool must engage the work 
on dead center. It must be held so that the cutting 
edge has 0° back rake, as shown in figure 149. 
Use a center gage to aline the cutting edge of the 
threading tool, using one of the methods shown in 
figure 150. 

10-21. An imernal threading tool requires 
greater end and side clearance than an ordinary 
threading tool. The length of the tool held in the 
Doring bar is restricted. Internal threading tools 
must have enough clearance at the back side of the 
bore to permit moving the tool clear of the thread 
for removal, as shown in figure 149. Before cut- 
ting an internal thread, you must first bore the 
work to the minor diameter of the internal thread. 
Grind the end relief of the cutting tool to conform 
to the radius of the bore. Holes to be threaded cn 
the lathe are usually bored lo size. The hole size or 
minor diameter for the internal Unified thread is 
found by the formula: 



Minor diameter 

= major diameter 



1.0825 



number of threads per inch 



10-22. If the thread does not extend compktely 
through the hole, an intern;*' groove with a diame- 
ter equal to the major diameter of the thread 
should be machined ai the end of the threaded 
portion for tool runout, as shown in figure 151. A 
chamfer of 45°, also shown in figure 151, should 
be machined at the start of the bored hole to help 
aline the mating threads and to eliminate a sharp 
first thread. 

10-23. The compound rest in internal threading 
is notmally positioned 30° to the left of the perpen- 
dicular position, as shown in figure 152. If there is 
insufficient clearance between the compound rest 
and the work, lathe chuck, or uilv 'opiate, position 
the compound rest 180° from the position shown 
in figure 152. The feed for successive cuts is to- 
ward, rather away from you, and the setting of the 
thread cutting siop is therefore reversed. Due to 
the extension of the cutting tool from the toolpost, 
cuts must be lighter, and overhang should be re- 
duced to a minimum in both tool and work setup. 
An extra finishing cut should be taken without 
changing the setting of the compound rest. 

10-24. Internal threads are cut in all the thread 
forms which are used for external threads. One 
factor that calls for special attention in cutting in- 
ternal threads of special shapes is the difference in 
the clearances between nut and screw recom- 
mended for the different thread types. There may 
be times when you have to determine the size of 
the bore and a listing of these special recom- 
mended clearances is not available. A safe rule of 
thumb is to cut an internal thread from 0.005 inch 
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Figure 152. Position of compound rest for internal 
threads. 

to 0.010 inch larger per inch of major diameter of 
the screw, i Iditional information may be found in 
the Machinery's Handbook or other publications. 

10-25. Tap and Die Threadinf; in the Lathe. 
Threads that do not require the high degree of ac- 
curacy and finish obtained by chasing the threads 
can be cut by taps and dies. These methods are 
faster than chasing in the lathe. 

10-26. Tapping threads in a lathe. Tapping can 
be done in the lathe by power or >y hand. Regard- 
less of the method, the hole must be drilled with 
the proper size of tap drill and chamfered. The 




Figure 153. Tapping setup. 



shank end of the tap is supported by the tailstock 
center. A slight pressure is maintained against the 
tap to keep its center hole on the center and to 
help the cutting teeth of the tap engage the work, 
as shown in figure 153. 

10-27. The work rotates when you are tapping 
by power. Use a very slow spindle speed (10 rpm 
to 30 rpm) and plenty of lubricant for power tap- 
ping. The tap is prevented from rotating by a tap 
wrench; the handle of the wrench should conta jt 
the compound rest, as shown in figure 153. Ti.c 
use of power is not recommended for taps under 
Vz inch diameter or in tapping steel. Be sure that 
the tap wrench handle contacts the compound rest 
before you engage the spindle, and keep your fin- 
gers away from the tap wrench. Do not attempt to 
start the tap in the hole with the work revolving. 
Keep the center snug in the center hole to prevent 
the tap from becoming misalined and then break- 
ing. 




Figure 154. Die threading setup. 



10-28. The setup for hand tapping in a lathe is 
similar to the power tapping setup and to tapping 
in a drill press. Set the lathe for a low spindle 
speed with the motor turned off. This helps to pre- 
vent the spindle from turning because of the cut- 
ting pressure. Lathe chucks can be positioned so 
that one of the chuck jaws contacts the compound 
rest to prevent the chuck from turning when large 
taps are used. 

10-29. Whenever it is possible, work held in a 
collet should be set up as shown in figure 154. The 
lathe dog prevents the work from slipping in the 
collet. This method of securing the ^ork can be 
used only with draw-bar collet attachments that 
permit the driveplate to be mounted while the col- 
let attachment is being used. 

10-30. An open-end wrench can be used in 
place of the tap wrench if the tap wrench is too 
long to turn. The center prevents the tap from 
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being pulled '*off center." The center does not 
need to support the tap after sufficient threads 
have been cut to insure proper alincment. 

Note: Back off the tap frequently to break the 
chip, just as in tapping on a drill pre>^, and use a 
lubricant 

10-31. Die threading in a latht. threading 
in a lathe is very similar to tapping in a lathe, ex- 
cept that the die is alined perpendiculai to the 
work axis by pressure exerted against the back 
surface of the die, as shown in figure 154 The 
pressure can be applied by inc?ns of a drill p id ; » 
illustrated; by the front surface of the tailstoc.\ 
spindle; or, for very small dies, by the front sur- 
faces of the drill chuck jaws. The jaws should b? 
closed enough to insure that they are contactiri^ 
the die, and not the diestock. Die threading can be 
done by power or by hand, using the same proce- 
dures as in tapping in a lathe. If the diestOck han- 
dles do not clear the ways of the lathe, when you 
are threading by hand, remove the handles from 
the diestock. Install one of the handles in the die- 
stock and rotate the diestock with the handle as far 
as possible. Remove the handle and install it in the 
opposite end of the diestock. Again, rotate the 
diestock as far as possible. Continue alternating 
the handle from end to end and turning the die- 
stock until the threads are the length you want. 
Power can be used to remove the die from the 
threaded work by reversing the direction of the 
spindle rotation. If the lathe spindle is not reversi- 
ble, place it in neutral and rotate the spindle by 
hand to remove the die from the work. It diffi- 
cult to cut very coarse threads with a die because 




Figure 155. Setup for lefi-hand external ihreads. 



of the great amount of force needed to turn the 
die. It is advisable to first rough out the threads 
with the die in the full open position; then perform 
a finish cut with .he die closed down. Use a lubri- 
cant during both the cutting and removal opera- 
tions. 

10-32. Left-Hand Threads, Threads may be 
either right-hand or left-hand. A thread is a ri^ht- 
Jia.id thread if it is advanced by turning it in a 
clockwise direction. A thread is a left-hand thread 
if it winds in a counterclockwise and receding 
direction when it is viewed axially. Most threads 
are right-hand; therefore, a thread is considered to 
he right hand unless the symbol LH is used on 
drawings, taps, dies, etc. Left-hand threads are 
used whc . the direction of motion required is op- 
posite to that obtained with a right-hand thread, 
such as crossfeed screws or the left end of turnbuc- 
kles; or when a slippage between a part and a nut 
would tend to loosen a right-hand nut, such as the 
right-hand end of an automobile axle. 

10-33. Left-hand threads are cut in approxi- 
mately the same manner as right-hand threads ex- 
cept that the carriage moves toward the tailstock 
instead of away from it. Also, you move the com- 
pound rest to the lett inside of the right to cut ex- 
ternal left-hand threads, and to the right instead of 
the left to cut internal left-hand threads. Figure 
155 shows the setup for machining external left- 
hand Unified threads. You grind the t-^ ' for left- 
hand threads with the relief and rake angles re- 
versed from those on right-hand threading tools. 

10-34. An undercut, or groove, is usually pro- 
vided as a starting point for the left-hand thread- 
ing tool. The undercut should be no narrower than 
the thread pitch and of a depth equal to, or slightly 
greater than, a single thread depth. The side near- 
est the thread should be chamfered. 

10-35. Multiple Threads. A multiple thread is 
a combination of two or more threads, parallel to 
each other, progressing around the surface into 
which they are cut If you think of a single thread 
as taking the form of a helix; i.e., a string or cord 
wrapped around a cylinder, you may think of a 
multiple thread as several cords lying side by side 
am' wrapped around a cylinder. There m^y bf" any 
number of threads, and they start at equally 
spaced intervals around a cylinder. Multiple 
threads are used when rapid movement of the nut 
or other attached threaded part is desired and 
when any weakening of the thread is to be 
avoided. For example, the hydraulic quick discon- 
nects on aircraft use multiple threads. A single 
thread having the same lead as a multiple thread 
wotUd be very deep compared to the multiple 
thread. The mating thread must also be a multiple 
thread. Figure 156 shows the difference in the lead 
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Figure 156. Comparison of single- and multiple-lead 
threads 

of a single-, double-, and triple-lead thread hjvmg 
the same number of threads per mch. The lead of 
a multiple thread is equal to the pitch of the thread 
multipled by the number of separate thread leads. 

10-36. The tool which is used to cut multiple 
threads has the same shape as that o*" the thread to 
be cut. It is similar to the tool which is used fo»- 
cutting a single-l^ad thread. However, greater side 
clearance is necc^>ary because tht hchx angle of 
the th»-ead increases with the increase in the multi- 
ple. The method of cutting multiple threads is 
about the same as ^or single-screw threads. The 
lathe must be geared to the number of single 
threads per inch, or with reference to the lead of 
the thread, and not to the pitch. The number of 
single threads per inch is found by dividing the 
number of threads per inch by the multiple (num- 
ber of leads) of the thread. For example, the num- 
ber of single threads per inch of a double-lead 
thread having 8 threads per inch is 4. The lathe 
would be set up to machine 4 threads per inch 

10-37. Pipe Threads. American Standard 
Taper Pipe Threads (NPT) are similar in form to 
the Unified thread; a common feature is that both 
have an included angle ot 50°. Part of the 
threaded portion of the ipe is machined to a taper 
of inch per foot, and the threads a;e also ma- 




Figure 157. Pipe threading setup. 



chined at the same taper. ITic taper permits a tighter 
connection and seal between the mating threads 
than can be obtained with a straight thread. The 
nominal pipe size is the approximate inside diam- 
eter of the pipe. The actual outside diameter (the 
major diameter) can be found by mcasuiing the 
pipe or by consulting a machinist publication. Table 
5 .shows a typical page from such a reference. 

10-38. The hole for tapered internal thread«= is 
straight bored to a diameter equal to, or slightly 
larger than, the minor diameter of the small end of 
the pipe. The taper length of both internal and ex- 
ternal tapered pipe threads is equal to the length of 
the normal hand engagement. The thread length is 
equal to the length of the effective threads plus the 
length of the imperfect threads. The root of the 
imperfect threads will be the shape of the thread- 
ing tool when the threads are cut on a lathe. The 
illustration in table 5 shows how the thread root 
would appear if it were cut by a die. 

10-39. The most common setup for chasing ta- 
ptred pipe threads on a pipe is shown in figure 
157. bi;r any suitable work setup can be used. 
Note, however, that the threading tool is posi- 
tioned with the center gage alined with the straight 
portion of the pipe and not with the taper. The 
tool setup is identical to the setup for machining 
Unified threads. The only difference is that the 
taper attachment is used when tapered pipe 
threads are machined. 

10-40. If the taper attachment requires the 
cross-slide to be clamped so that it cannot be 
moved, the threading tooi must be withdrawn from 
the thread groove at the end of the threading cut 
by means of the compound rest. The spind^j speed 
should be slow enough to insure adequate time to 
withdraw the tool to prevent damaging the work or 
the tool. 

10- 41. The pitch diameter is difficdlt to meas- 
ure on tapered threads because of the taper; there- 
fore, the threads are normally machined to fit a 
taper thread gage or the mating part. The threaded 
parts should be assemble*'^ by hand to the distance 
equal to the normal engagement by hand, as given 
in table 5. 

1 1 . Machining Special Threads 

11- 1. You will occasionally be required to cut 
Acme, square, and buttress threads. While not as 
common as the Unified thread, they are often used 
for certain ap )lieations. The following information 
will help you to identify and to machine these 
types of threads. 

11-2. Acme Thnads. The Acme thread is a 
heavy-duty thread that is quite often used on feed 
screws, vises, and similar items. Acme threads are 
rapidly replacing square threads which were used 
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Figure 158. Acme thread. 



extensively at one time because they are easier to 
machine than square threads. Split nuts having 
Acme threads can be engaged and disengaged 
more readily than square-threaded nuts. Acme 
threads have an included angle of 29"^, as shown 
in figure 158. Split nuts having Acme threads can 
be adjusted for wear, and backlash can be elimi- 
nated by adjusting the nut to seat deeper in the 
thread groove. This is possible because of the ta- 
pered sides of the thread. 

11-3. The single depth of General-Purpose 
Acme threads is equal to one-half the pitch plus an 
allowance for clearance. The clearance allowance 
is 0.010 inch for threads v^f 10 threads per inch 
and coarser, and 0.005 inch for finer threads. The 
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Figure 159. Sectional view of square thread and nut. 
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Figure 160 Buttress thread. 

basic pitch diameter of general-purpose Acme 
threads is equal to the nominal diameter minus 
one-half the pitch. 

11-4. Stub Acme threads are used when a 
coarse thread having a shallower depth than the 
General-Purpose thread is desired. Th^ single 
depth on a Stub Acme thread equals 0.3 Umcs the 
pitch, plus the same clearance allowance, of Gen- 
eral-Purpose Acme threads. The basic pitch diam- 
eter of Stub Acme threads equals the nominal 
diameter minus 0.3 times the pitch. The exact di- 
mensions of Acme th'-eads are found in reference 
sources, such as the Machinery's Handbook. 

11-5. Square Threads. A square thread is a 
thread whose sides are parallel. The depth of the 
thread is equal to the width of the thread groove; 
this space is, theoretically, equal to one-half the 
pitch. It is necessarj', in practice, however, to 
make the space in the internal threads slightly 
wider than the thread to permit a sliding fit. Exter- 
nal square threads are made exactly according to 
the theoretical standard. Figure 159 illustrates the 
terms used with reference to square threads. 

11-6. Buttress Threads. On a buttress thread 
the load-resisting side is at a right angle to the 
thread axis, as shown in figure 160. The load-re- 
sisting side or face of the thread is referred to as 
the pressure flank. The pressure flank is often ma- 
chined at a slight angle to avoid machining diffi- 
culties. The American Standard buttress thread 
pressure flank is machined at an angle of 7° to the 
perpendicular. Buttress threads are used primarily 
where the pressure or load is in one oirection, such 
as the screw in a vise. 

11-7. Special threads are measured by using 
wires and a micrometer, a gage, or a mating part. 
Detailed information pertaining to these threads 
can be found in machinists' publications, such as 
the Machinery's Handbook. 
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CHAPTER 4 



Special Lathe Operations and Attachments 



IN ADDITION to the various operations and at- 
tachments which we have already discussed, 
other lathe operations and attachments make it 
possible for you to perform a still wider range of 
work on the lathe. After discussing the filing and 
polishing, knurling, and spring winding operations, 
we will cover the center rest, follower rest, mi- 
crometer carriage stop, and toolpost grinder at- 
tachments. We will conclude the chapter with a 
discussion of gear blank calculation. 

12. Special Lathe Operations 

12-1. There are several lathe operations that 
you must be able to perform in which you do not 
use a cutting too!. These operations include filing 
and polishing, knurling, and spring winding. We 
will discuss filing and polishing — two closely re- 
lated operations — first. 

12-2. Filing and Polishing. Filing and polish- 
ing are both finishing operations. They are used 
primarily to improve the finish of the work or to 
reduce the size of the work slightly. 

12-3. Filing. When you file work which is re- 
volting in the lathe, hold the tip of the file at an 
angle of approximately 10° toward the tailstock 
end of the lathe. Pass the file slowly over the re- 
volving work so that the work turns several revolu- 
tions before the stroke is completed. Exert less 
pressure than for ordinary bench filing, since only 
a small area of the file and work are in contact 
when you are filing round work. Release the pres- 
sure on the return stroke without lifting the file 
from the work. Clean the teeth of the file fre- 
quently. This prevents the metal that lodges be- 
tween the teeth of the file from scratching the 
work or impairing the cutting action of the file. 
Figure 161 illustrates how to hold the file and how 
to apply it to the work. 

Caution: Keep your hands and arms clear of 
the chuck or other work-driving device to avoid 
injury. NEVER USE A FILE WITHOUT A 
FILE HANDLE. 

12-4. You will usually use a mill file when you 
file work in a lathe. Use a bastard cut mill file for 
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rough filing; use a second cut mill file on work re- 
quiring leso s^ock removal and a finer finish. Use 
other types of files, such as round and half-round 
files, to file radii, fillets, and curved surfaces. 

12-5. The spindle speed for filing metals is four 
to five times faster than the rough turning speed. If 
:he speed is too slow, there is danger of filing the 
work out of round. If the speed is too fast, the file 
has a tendency to slide over the work. This causes 
the file to dull rapidly and glaze the work. The 
amount of stock left for filing is 0.002 inch to 
0.005 inch. 

12-6. Polishing. Polishing the work w»th abra- 
sive cloth is done primarily to improve the finish. 
Since polishing also removes a very small amount 
of material, it can also be used to accurately fit 
mating parts, such as shafts and bushings. Usually, 
0.00025 inch to 0.0005 inch is allowed for polish- 
ing. Use successively finer grades of abrasive cloth 
to produce a very fine finish. Use abrasive cloth 
for ferrous metals and sandpaper for nonferrous 
metals. 

12-7. The spindle speeds for polishing are very 
high. The recommended surface foot speed is 
5000 feet per minute. A great deal of heat is gen- 
erated because of the high speed and the friction 
of the abrasive cloth against the work. The work 
expands rapidly because of the heat. To counteract 
this, you should lubricate and adjust the tailstock 
center frequently when you are polishing between 
centers. To determine the spindle speed, use the 
following formula: 

work diameter 

12-8. Figure 162 shows how to hold the abra- 
sive strip when you are polishing. Noie that the 
ends of the strip are separated. This prevents the 
strip from grabbing and winding around the work, 
which could pull your hand around with it. Move 
the abrasive strip slowly back and forth along the 
work to prevent the formation of polishing rings 
on the work surface. Polishing rings are a series of 
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Figure 161. Filing work o a iathe. 

Closely spaced parallel blemishes in the finish 
around the circumlerence of the work. The bleiu- 
ishes are burned and scratched areas caused by the 
loading of the abrasive strip and the trapping of 
coarse abrasive particles between the work and the 
abrasive strip. To produce a bright surface, polish 
the work dry. To produce a dull satin finish, apply 
oil as you polish. 

1 2-9. Knurling. Knurling is the process of roll- 
ing or squeezing impressions into the work with 
hardened steel rollers that have teeth milled in 
their faces. Primarily, knurling provides a gripping 
surface on the work; it is also used for decoration. 
Knurling increases the diameter of the work 
slightly. 
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Figure 162. Polishing work on a lathe. 



12-10. Knurling tools. The three common types 
of knurling tools are the knuckle joint, shown in 
figure 163,A; the revolving head, shown in figure 
163,B; and the straddle, shown in figure 163,C. 
The revolving head type has three sets of rolls 
each with a different pitch, whereas the knuckle 
and straddle types each have one set of rolls. The 
straddle type of knurling tool is used primarily to 
knurl small diameter work. The work revolves be- 
tween the two rolls and is not distorted because the 
pressure of one roll counteracts the other. 

12-11. There are two patterns of knurls: dia- 
mond and straight line; and three pitches: fine, 
medium, and course in each pattern, as shown in 
figure 164. The diamond is the most common pat- 
tern, and the medium is the most common pitch. 
The coarse pitch is used for large diameter work, 
anc .le fine pitch is used for small diameter work. 

12-12. Knurling seiup. The knurling tool is po- 
sitioned with the faces of the rolls parallel to the 
work surface to be knurled. The knurling tool is 
set at center height with the work and the upper 
and lower rolls equally spaced above and below 
the work axis, as shown in figure 165. The spindle 
speed should be approximately half the rough 
turning speed. It should not exceed the highest 
speed permitted for shifting the feed reverse mech- 
anism on the lathe. The feed should be between 
0.015 and 0.025 inch. The work center holes 
should be as large as practical to provide as much 
bearing surface as possible to ?Hsorb the pressure 
of the knurl»ng tool. Work mounted in a chuclc 
should also be supported at ihe tailstock end with a 
center to prevent damaging the work or destroying 
the accuracy of the chuck. 

12-13. Knurling operation. There are two types 
of knurling operations: ordinary knurling and 
knurling between layout lines. 

12-i4. To perform ordinary knurling, first set 
up the work and lay out the length of the portion 
to be knurled. Then swivel the compound perpen- 
dicular to the axis of the work, mount the knurling 
tool in the tool post, and set the lathe for the cor- 
rect spindle speed and feed. Check and lubricate 
the knurling tool to insure that the rollers and th<j 
revolving head move freely. Apply a cutting lubri- 
cant to the work and the knurling tool generously 
during the knurling operation. Apply the lubricant 
to the surface of the work opposite the knurling 
tool with an oilcan (keep the applicator well away 
from the knurling tool rollers) or with a brush. 
Keep rags, brushes, and your fingers away from 
the knurling tool operation. 

12-15. Position the carriage so that a third to a 
half of the face of the rollers extends beyond the 
end of the work. This reduces the pressure re- 
quired to start the knurl impression. Force the 
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Figure 163. Typ'»: 

knurling rollers into contact with the work and en- 
gage the spindle clutch. Check the knurl U> see if 
the rollers are tracking properly, as shown in fig- 
ure 166. This involves disengaging the clutch after 
the work has revolved three or four times and 
backing the knurling tool away from the work with 
the cross-slide. If a double impression has oc- 
curred, as shown in figure 166, move the carriage 
to a new location and repeat the operation. 

12-16. You use a slightly different method to 
start the knurling operation in knurling between 
layout lines. You set up the work, lathe, and knurl- 
ing tool the same way as for ordinary knurling, 
except that the face of the rollers is offset about 
5^. This enables the comers of the rollers to coi!- 
tact the work first. This reduces the pressure re- 
quired to fcrce the rollers into the work. 

12-17. To knurl between layout lines, swing the 
compound to the right 5"^. Position the knurling 
tool slightly the the left of the right-hand layout 
line and start the knurl by forcing the comer of the 
rollers into the work surface. If the knurl is track- 
ing properly, move the carriage by hand to extend 
the knurl to the right-hand layou line. Back the 
knurling tool away from the work, and position the 
rollers parallel to the surface of the work. Pick up 

DIAMOND PATTERN STRAIGHT liNE ^AHEIN 



STANDARD FACE FUU FACE 




COf^RSE MEDIUM FINE COHm MEDIUM FINE 



U mCH 2t ^ITCH 33 yiTCH U yiTCH 2t ^ITCH 33 FiTCH 




ACTUAL SIZE OF KNURLING ACTUAL SIZE OF KNURLING 

MODUCED BY ^AIRS OF «ODUCED lY ^AfRS OF 

RK>HT AND LEFT HAND STRAIGHT LINE FULL 



DIAMOND KNURIS FACE KNURLS 

53-299 

Figure 164. Knurl patterns. 



of knurling tools. 

the knurl by meshing the rollers with the started 
impression, and knurl to a point just to the right of 
the left-hand layout line. Mesh the rollers into the 
existing knui pattern and force the comer of the 
rollers into the work. Using hand feed, knurl to the 
left-hand layout iine, then back off the knurling 
tool. 

12-18. Regardless of the method of knurling, 
do not allow the work to rotate if the knurling tool 
is contacting it and the carriage travel is stopped, 
or rings will form, as shown in figure 167. Do not 
stop the work without relieving the knurling tool 
pressure. The pressure may distort or spring the 
work. Remember to keep the knurling tool and the 
work well lubricated throughout the operation. 
Check the adjustment of the tailstock center fre- 
quently The pressure of the knurling operation 
ay cause the centers to loosen slightly, if the 
knurl is correctly formed, engage the spindle 
clutch and carriage feed and move the knurling 
rollers into contact with the knurled impressions. 
The rollers will aline themselves. Using the car- 
riage feed, allow the tool to knurl to within V32 
inch of the layout line. Disengage the carriage feed 
and, with the work revolving, feed the carriage by 
hand until the knurl touches the layout line Force 
the knurling tool slightly deeper into the work. Re- 
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Figure 166. Knurled impressions. 

verse the direction of the carriage feed screw, and 
engage the carriage feed. Allow the knurling tool 
to feed to the right until approximately half of the 
rollers extend beyond the end of the work. Never 
allow the knurling tool to feed entirely off the end 
of the work. If necessary, repeat the knurling oper- 
ation until the diamond-shaped impressions con- 
verge to a point. If you make additional passes 
after the pattern has completely formed, you may 
strip the points away from the surface. Now move 
the knurling tool away from the work. With the 
work revolving, clean the knurled work surface with 
a file brush. Remove any burrs, which may have 
formed on the tips of the diamond-shaped impres- 
sions, by increasing the spindle speed and lightly 
filing the knurl. 

12-19. Spring Winding. Both tension and com- 
pression coil springs can be wound on a lathe. A 
tension spring, figure 168, A, is one in which the 
coils lie one against the other, as in a screen door 
spring. When tension is exerted on the spring, the 
coils spread apart, and the tendency of the spring, is 
to pull back to its original form. A compression 
spring, figure 168,B, is one in which the coils are 
wound a definite distance apart with a fixed space 
between them. The valve springs of automobiles 
are compression springs. WTien force is exerted on 
the spring, it is compressed, and the coils have a 
tendency to push or spring back to their original 
spacing. 
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Figure 167. Rings on a knurled surface. 



12-20. The size of springs wound on the lathe is 
controlled by using mandrels of the proper size. 
Spring wire of the required material and diameter 
is used. Pass the wire between wood or brass 
blocks or through a spring wire holder that is held 
in the toolpost. You can clamp the end of the wire 
between the chuck jaw and the mandrel. Also, you 
can drill a hole through the mandrel a few thou- 
sandths larger than the wire diameter, and insert 
the wire into it. The tailstock center supports the 
other end of the mandrel. Clamp the wire between 
the blocks or in the wire holder just tight enough 
to keep it from slipping and still hold a uniform 
tension on the wire so that it is wound tightly 
against the. mandrel. 

12-71. The carriage feed is equal to the diame- 
ter of the spring wire in winding a tension spring. 
It is equal to desired spacing in winding a com- 
pression spring. The split nut and lead screw can 
also be used to move the carriage to obtain the de- 
sired spacing. When the spring is wound to the de- 
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Figure 168. Coil springs. 

sired length, relieve the tension, clip off the wire, 
and remove the spring from the mandrel. Informa- 
tion pertaining to the diameter of the spring wire 
gages which are used by the various manufacturers 
can be found in reference sources, such as the Ma- 
chinery's Handbook, 

13. Lathe Attachments 

13-1. The center rest, the follower rest, the mi- 
crometer carriage stop, and the toolpost grinder 
are lathe attachments. The variety of work that 
you can perform on a lathe is increased by the use 
of attachments. 

1 3-2. Center Rest. The center rest consists of 
a frame and three adjustable jaws which support 
the work, as shown in figure 169. One purpose of 
the center rest is to prevent springing or deflection 
of slender, flexible work; another is to furnish aux- 
iliary support for the work to permit heavy cuts to 
be made; and a third is to support work for drill- 
ing, boring, or internal threading. The overarm 
containing the top jaw can be unfastened and 
swung out of the way so that identical pieces can 
be removed and replaced without adjusting the 
jaws. 

13-3. A bearing surface must be provided for 
the center rest jaws. The bearing surface is usually 
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Figure 169. Center rest. 

machined directly on the work, as shown in figure 
170. When the work is too small in diameter to 
machine the bearing surface or shaped so that it 
would be impractical to machine one, you can use 
a cathead to provide the bearing surface. The cat- 
head, shown in figure 171, has a bearing surface, a 
hole through which tiie work extends, and adjust- 
ing screws The adjusting screws fasten the cat- 
head to the work. They are also used to aline the 
bearing surface so that it is concentric to the work 
axis. Use a dial indicator to insure concentricity. 

13-4. To set up the center rest and reduce fric- 
tion, you should first polish the portion of the 
work that is to be used as the bearing surface. 
Then clean the portion of the ways of the lathe 
that the center rest will be placed on. Obtain a 
clean sheet of paper and cut off pieces large 
enough to be placed between the center rest legs 
and the ways of the lathe. Position and clamp the 
center rest so that the adjustable jaws are posi- 
tioned over the bearing surface of the work, as 
shown in figure 170. With the work revolving very 
slowly, loosen the adjustable jaw screw, as shown 
in figure 169, and adjust the jaws toward the 
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Figure 171. Cathead. 

work. Continue to adjust until a slight drag is felt 
on a strip of paper that has been inserted between 
the jaws and the work. Then, lightly tighten the 
adjustable jaw lock screws. Place a piece of paper 
between the jaws and the work and adjust the jaws 
until you feel a drag on the paper. The clearance 
should be .001 inch. Now fully tighten the lock 
screws. Lubricate the center rest jaws and bearing 
surface with a mixture of white lead and lubricat- 
ing oil. Rotate the work slowly, and if any of the 
jaws rub the lubricating mixture off, readjust the 
jaws. Then proceed with the machining operation. 
Keep the jaws well lubricated to prevent scoring 
the work surface. Copper shims can fastened 
over the bearing ends of the adjustable jaws to 
protect the finish on highly polished work. 

13-5. When it is undesirable to hold the work 
in a chuck, you can machine it with one end sup- 
ported by the headstock center and the other end 
supported by a center rest. Use a leather strap or 
rawhide thong to tie the work to the driveplate and 




Figure 170. Concentric bearing surface. Figure 172. Tying the lathe dog. 
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Figure 173. Follower rest. 

to prevent it from moving off the headstock center, 
as shown in figure 172. Mount the work between 
centers and machine the bearing surface. Set up 
the center rest. With the work mounted between 
centers, tie the lathe dog, as shown in figure 172. 
Then remove the tailstock center and perform the 
necessary machining. 

13-6. Follower Rest. Long slender shafts that 
tend to whip and spring while they are being ma- 
chined require the use of a follower rest. The fol- 
lower rest is fastened to the carriage and moves 
with the cutting tool. The upper jaw prevents the 
work from climbing the cutting tool. The lower 
jaw prevents the work from springing away from 
the cutting tool, as shown in figure 173. The fol- 
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Figure 174. Follower rest used while threading. 



lower rest jaws are adjusted in the same manner as 
center rest jaws. The follower rest is often used 
when long, flexible shafts are threaded, as shown 
in figure 174. At the completion of each threading 
cut, remove any burrs that may have formed, to 
prevent them from causing the work to move out 
of alinement. 

1 3-7. Micrometer Carriage Stop. The microm- 
eter carriage stop, shown in figure 175, is used to 
accurately position the lathe carriage. Move the 
carriage so that the cutting tool is approximately 
positioned. Clamp the micrometer carriage stop to 
the ways of the lathe, with the spindle in contact 
with the carriage. The spindle of the micrometer 
carriage stop can be extended or retracted by 
means of the knurled adjusting collar. The gradua- 
tions on the collar, which indicate movement in 
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Figure 175. Micrometer carnage stop. 

thousandths of an inch, make it possible to set the 
spindle accurately. Next, bring the carriage in con- 
tact with the micrometer spindle again. The car- 
riage can be accurately positioned within 0.001 of 
an inch. This ic very useful when you are facing 
work to length, machining shoulders to an exact 
length, or accurately spacing internal and external 
grooves. After making a cut, bring the tool back to 
the start of the cut by means of the carriage stop. 
This feature is very useful when you must remove 
a tool, such as the internal recessing tool, from the 
hole to take measurements and then reposition it 
to take additional cuts. Always bring the carriage 
into contact with the stop by hand. Use power feed 
to bring the carriage within inch of the stop. 
Move the carriage by hand the remaining distance. 

13-8. Toolpost Grinder. The toolpost grinder 
is a portable grinding machine that can be 
mounted on the compound rest of a lathe in place 
of the toolpost. It can be used to machine work 
that is too hard to cut by ordinary means or to ma- 
chine work that requires a very fine finish. Figure 
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Figure 178 Diamond \sheel dresser clamped to a 
faceplate. 
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Figure 176 Toolpost grinder 

176 shows a typical toolpost grinder. The grinder 
must be set on center, as shown in figure 177. Th2 
centering holes located on the spindle shaft are 
used for this purpose The grinding wheel takes 
the place of a lathe cutting tool. It can perform 
most of the operations that a cutting tool is capa- 
ble of performing. Cylindrical, tapered, and inter- 
nal surfaces can be ground with the toolpost 
grinder. Very small grinding wheels are mounted 
on tapered shafts known as quills to grind internal 
surfaces. 

13-9. The grinding wheel speed is changed by 
using various sizes of pulleys on the motor and 
spindle shafts. An instruction plate on the grinder 
gives both the diameter of the pulleys required to 
obtain a given speed and the maximum safe speed 
for grinding wheels of various diameters. Grinding 
wheels arc safe for operation at a speed just below 



the highest recommended speed. A higher than 
recommended speed may cause the wheel to disin- 
tegrate. For this reason, wheel guards are fur- 
nished with the toolpost grinder to protect against 
injury. Always check the pulley combinations 
given on the instruction plate of the grinder when 
you mount a wheel. Be sure that the combination 
is not reversed, because this may cause the wheel 
to run at a speed far in excess of that recom- 
mended. During all grinding operations, wear gog- 
gles to protect your eyes from flying abrasive ma- 
terial. 

13-10. The grinding wheel must be dressed and 
trued Jsc a diamond wheel dresser to dress and 
true the wheel. The dresser is held in a holder that 
is clamped to the driveplate, as shown in figure 
178. Set the point of the diamond at centei height 
and at a 10^ to 15° angle in the direction of the 
grinding wheel rotation, as shown in figure 179. 
The lO'' to 15° angle prevents the diamond from 
gouging the wheel. Lock the lathe spindle by plac- 
ing the spindle speed control lever in the low rpm 
position. (Note: The lathe spindle does not re- 
volve when you are dressing the grinding wheel). 
Remove the diamond dresser holder as soon as the 
dressing operation is completed. Bring the grinding 
wheel in contact with the diamond by carefully 
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Figure 177 Mounting the grinder at center height. 



Figure 179. Position of diamond. 
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Figure 180. Grinding a lathe ce .er. 

feeding the cross-slide in by hand. Move the wheel 
clear of il e diamond and make a cut by means of 
the cros5 iide. The maximum depth of cut is 
0.002 invh. Move the wheel slowly by hand back 
and forth over the point of the diamond. Move the 
carriage if the face of the wheel is parallel to the 
ways of the lathe. Move the compound rest if the 
face of the wheel is at an angle. Make the final 
depth of cut of 0.0005 inch with a slow, even feed 
to obtain a good wheel finish. 

13-11. Rotate the work at a fairly low speed 
during the grinding operation. Thr recommended 
surface foot speed is 60 to 100 li it per minute 
(fpm). The depth of cut depends upon the hard- 
ness of the work, the type of grinding wheel, and 
the desired finish. Avoid taking grinding cuts 
deeper than 0.002 inch until you gain experience. 
Use a fairly low rate of feed. You will soon be able 
to judge whether the feed sh.' i be increased or 
decreased. Never stop the rotation of the work or 
the grinding wheel while they are in contact with 
each other. 

13-12. Toolpost grinders are often used to re- 
finish damaged lathe centers. If the lathe is to be 
used for turning between centers in the near fu- 
ture, grind the tailstock center first, then the head- 



stock center. Leave the headstock center in posi- 
tion for the turning operation. This method 
provides the greatest degree of accuracy. If you 
must remove th<. headstock center in order to per- 
form other operations, marks placed on the head- 
stock center, the sleeve, and the center will enable 
you to install thern in the same position they were in 
when the center was ground. This will insure the 
greatest degree of accuracy for future operations 
involving turning work between centers. 

13-13. To refinish a damaged lathe center, you 
should first install headstock and tailstock centers 
alter insuring that the spindle holes, drill sleeves, 
and centers are clean and free of burrs. Next, posi- 
tion the compound rest parallel to the ways; there 
mount the toolpost grinder on the compound rest. 
Make sure that the grinding wheel spindle is at 
center height and alined with the lathe centers. 
Move the compound rest 30° to the right of the 
lathe pindle axis, as shown in figure 180. Mount 
the wheel dresser, covering the ways and carriage 
with rags to protect them from abrasive particles. 
Wear goggles to protecv your eyes. 

13-14. Start the grinding motor, by alternately 
turning it on and off, but letting it nm a bit longer 
each time, until the abrasive wheel is brought up 
to top speed. Dress the wheel, feeding the grinder 
with the compound rest. Then move the grinder 
clear of the headstock center and remove the 
wheel dresser. Set the lathe for the desired spindle 
speed, and engage the spindle. Pick up the surface 
of the center. Take a light depth of cut and feed 
the grinder back and forth with the compound 
rest. Do not allow the abrasive wheel to feed en- 
tirely off the center. Continue taking additional 
cuts until the center cleans up. To produce a good 
finish, reduce the feed rate and the depth of cut to 
.0005. Grind off the center's sharp point, leaving a 
flat with a diameter about inch. Move the 
grinder clear of the headstock and turn it off. 
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aie studying. In it, you will fiud the Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Vohune Review Exercise. You can easily 
compare textual references with chapter exercise items without flipping pages 
back and forth in your text. .You will not misplace any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your woricbook are autoinstructional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teadierB into one booklet If you will 
follow che study plan given fai *'Your to Qureer Development,** which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to "Your 
Key to Career Development" or your course material, use ECI Form 17, '^Student 
Request for Assistance," identify yourself and your inquiry fully and send it to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
of it to EO. 
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STUDY REFBRIMCE GUIDE 



I Use this Guide as a Study Aid, It emphasizes all important study areas of Uis 'o. ^ 

2. Use the Guide as you complete the Volume Review Exercise and for Review after Fadbark 
the Results. After each item number on your VRE is a three digit number in parenth :jis. Th ( 
number corresponds to the Guide Number in this Study Reference Guide which shows y>u ;/hc! 
the answer to that VRE item can be found in the text. When answering the itcn:: in yo - 
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will W 
sent to you on a postcard which will list the actual VRE items you missed. Go to your VRlf 
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then gr 
back to your textbook and carefully review the areas covered by these Guide Numbcis. Review 
the entile VRE again before you take the closed-book Course Examination. 

3. Use the Guide for FoUaw-up after you complete the Course Examination, The CE results will 
be sent to you on a postcard, whk:h will indicate ^^Satisfactoiy** or **Unsatisfactory^ completion. 
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the 
Guide and draw a line under ibt Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. 



Guide 
Number 



Guide Numbers 200 through 214 



Guide 
Number 



200 Introduction; Construction and Operation; 
pages 1 -6 

20 \ Cutting Tools and Holders; pages 6-1 2 

202 Workholding Devices; Lathe Chucks, Face- 
plate, Driveplate; pages 12-19 

203 Workholding Devices; Mandrels, Mounting 
Workholding Devices, Dismo^mting Work- 
holding Devices, Lathe Centers; pages 19-25 

204 Introduction; Facfing and Straight turning; 
pages 26-29 

205 Machining Shoulders, Corners, Undercuts, 
and Grooves; pages 26-32 

206 Radu and Form Turning, Taper Turning; 
pag s 3240 

207 Drilling, Boring, Reaming, and Recessing; 
Drilling, Boring; pages 4047 



208 Drilling, Boring, Reaming, an*I Rececsin^ 
Reaming, Recessing; pages 4748 

209 Introduction; Threads and Thread M'^r m«.c 
ment; pages 49^54 

210 Machining American Standard and Un'f»ed 
Threads; Machining External Threads; na^^os 
54-59 

211 Machining American Standard and UninvO 
Threads; Machining interna. Threads, T-.j 
and Die Threading in the L^the, Left H irr" 
Threads, Multiple Threads, i'ipc Tlueids. 
pages 59-63 

212 Machining Special Thre.td*<: p.»g-s 63-64 

213 Introduction; Special Lathe Opcr:?'»ons 
pages 65-68 

2 1 4 Lathe Attachments; pajes o8-7 * 
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CHAPTER REVIEW EXERCISES 

The following exerdtes art ttudyMt WHte yoi^ miiwm in peneU in the space provided after each 
exercise. Immediatefy after completing each set of exercim, check yoiirrtspomesa^^ 
that set Do not submit your miswers to Ea for patBng 



CHAPTER 1 

Objecrivet: To undentand the ooiittniction and To able to identify the various 

types of lathe cuttini tools and tooBioMen. To r e co tn iii e the irarious lathe woifcholding devices and their 
uses. 

1. What are the tiueedasmof lathes? (1-3) 



2. How is the sixe of a lathe designated? (M) 



3. What are the ways of a bdie? (1-Q 



4. Which type of tapas u machined in the spindle nose on most lathes? (1-7) 



5. Whatsresomeof ttiLpmpoaesof thet^atock? (1-8) 



6. What is the primary function of the carria|e« and wliat parts make up tlie aaaembiy? (1-9) 



7. What are the duee groups of oontrd levers? (1-12) 



8. What are the two groups of spfaidle controls? (M3) 



9. What determines the ratio of the lead screw rpm to the ^rindle rpm? (M7) 



10. What does speed refer to in lathe woik? (1-24) 
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12 



13. 



14. 



15. 



16. 



17. 
18 



20, 



21 



What CFS value is used to compute rough turning? (1-24) 



What does feed refer to in lathe work? (1-25) 



What is depth of cut? (1-26) 



What is the main objection to using high-carbon steel cutting tools? (2-3) 



What IS red hardness? (2-4) 



What are the main differences between carbide and high-speed steel tools? (2-5) 



What is tool geometry? (2-7) 



What angles are affected by the angle at which a toolholder holds the tool? (2-8, 9) 



Why is a radius ground on a lathe tool nose*^ (2-12) 



What are the advantages of chip breakers? (2-13) 



What type of tool holder is used most often in straight-turning operations, and why? (2-15) 



Wliat are the factors involved m selecting workholding devices on a lathe? (3-1 ) 



What types of chucks are used most often? (3-2) 
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24. What type of chuck would be used when extreme accuracy is not esMiilial? To hold a piece of square 
material? To hold an oval-shaped piece? (3 3, 4, 5) r ^ 



25. In what w;.y are the jaws of a universal chuck different from those of an independent chuck? (35) 

26. What type of chuck has the greatest holding power? (M) 

27. What is the main advantage of using ocrilec chucks? The disadmitaass? (%S) 

28. For what purpose is a candle nose cap used? (3-9) 

29. What should you remember iri>out sefectinga collet? (3-10) 

30. What do the draw bar handwhed and spindb nose handwhadhtw in c^ 

31. WhattypeofwofkcanbeheMonafaceptee? (3-15) 

32. WhatisonewayofhoWinganclbow-shapcdpicceoaalathc.' (3-15) 

33. What is the main difference between Viing a faceplate and a driveplate? (3-1 5-17) 

34. What is the main limitation of a solid mandrel? (3-19) 

35 Which end of a solid mandrel has the size marked on it? (3-19) 
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36. If you had several pieces of work to machine to the same diameter, what type of mandrel should 
you use? (3-23) 



37. 'Miat are the three types of lathe spindles? (3-25) 



38. What could cause a chuck or faceplate to run untrue? (3-26) 



39. Why should cradle blocks be used in uianging diucks? (3-26, 27, 28) 



40. What is the difference between a dead center and a live center? (3-29) 



4 1 . What are the two least accurate methods of alining centers? (3-32, 33) 



42. What are the two most accurate methods of alining centers? (3-34, 35) 



43. What type of lathe center would you use for most work? For facing work between centers. For heavy 
duty work when friction would be a problem? (3-36) 



44. What is used as a center hole and center lubricajit? (3-36^) 



45 What is the common name of a combination drill and countersink? (3-37) 



46. What are the factors affecting the size of center holes? (3-37) 
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CHAPTER 2 



(*jcctive$: TocxhibUiknwIcdiDoffacingaiiditfiii^^ Tobeibte toexphinthc michiningof 

shoulders, comers, and grooves. To show « imdertlandiiig of ridii and form turning; the different methods 
of taper turning; and drilling, boring, reamiog. and recessiiv operations on a lathe. 

1. Why is work faced? (4-2) 



2. How IS work faced? (4*3) 



3. What is the main advantage of feeding the facing tool toward the center ot tbe work instead of away 
from the center? (4-3) 



4. Why arc the amount of overhang and height of the cutting tool important in facing? (44. 5) 

5. What type of center is used in the taSstock for facuig between centen? Why*! (46) 
6 I low heavy should roughing cuts be in straight titmii«? (4 10) 



7. ( m a piece of work that has two or more diameters, why should the largest diameter be turned first'> 
(4-11) 



8. I low are depths of cutset? (4-13) 

9. How is backlash eliminated from the aoss feed? (4-16) 

10. How should the compound rest and toolpost be positioned for straight turning operations? (4-1 7) 

1 1 What is the biggest objection to work that has a square shoulder? (5-3) 
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1 2 What type of shoulder is stronger, filleted or angular? (5-5. 6) 

13. What are the three methods of producing round corners? (j*-9) 

14. What are the purposes of an undercut? (5-1 1) 

15. Why arc grooves machined on shafts? (5-12) 

16 What IS the best way to cut off tubing into short pieces? (5-13) 

17. If the tool starts to gouge during parting, what should you do? (5-15) 



18 What type of form tool cuts a concave shape? (6-3) 



V> Mow long sliould the radius rod that fits between the cross-slide and tailslock be ' (6-5) 



20. What IS the taper per foot in the Morse system? (7-3.fl) 



2 1 What are the differences between self-holding and self -releasing tapers? (7-3. 4) 



22 How iire tapers checked ^or accuracy? (7-5) 



23. What limits the length of the taper that can be cut with the compound rest? (7-6) 
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24. What is the tiper per inch (171) of 1 4-inch piece of work thit measures 1300 on die lai«e end 
and 0.900 (T?l = on the smaU end? (7-7) 

25. What is the tangent of the oigle (tan « TPI/2) in question 24? (7-7) 

26. How are kong, slow tapers cut on a latiie that does not have a taper attachment? (7-9) 



27. What will happen to a taper if work of dtffeient lengths is turned witii the taibtock offset the 
same amount? (7*11) 



28. What are the two lasir accurate niethods of oftettmg a taflstock fa Upercutthig? (712) 



29. What method of of&etting the taflstock is the moat accurate? (7*16) 



30. What are some disadvantages of the offset taibtock method of turning tapen? (7-17) 



3! . What are some advantages of using a taper attachment? (7-18) 



32. When a taper attachment is used, what would cause a straight portion to be turned instead of 
aUper? (7-21) 



33. How is the ginde bar on a Uper attachment graduated? (7-22) 



34. How are drills held in a lathe? (8-2) 



35. How is a taper shank drill whose shank is too small held in a tailstock spindle? (84) 
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What are the graduationi on the t«ilstock Sfmtdle used for? (8-7) 
What are some advantages of boring on a lathe? (8-7) 



38, Why should the largest boring bar possible be used? (810) 



39, How does the boring speed compare to the turning speed on material of the same diameter as the 
hole? (8-11) 



40. What are some advantages of using a boring bar and boring bar holder? (8-1 5) 



41 . What governs the amount of end relief ground on boring tools? (8-17) 



42. What is the cause and remedy for boring a bell-mouthed hole? (8-20) 



43. When taper boring a through hole is done, what size should the drill be that is used to provide a hole for 
the boring bar? (8-23) 



44. How are internal tapers checked? (8-25) 



45 What are other names for recessing? (8-29) 



CHAPTER 3 



Objectives: To be able to explain the various types and uses of threads and how they are measured; to exhibit 
a knowledge of the machining of American Standard and Unified threads; and to be able to explain how lo 
machine Acme, square, and buttress threads. 

1 . What does the term "threads per inch" mean? (9-2.ft) 



2 What is the difference between a thread major diameter and norminal size? (9-2,e,g) 
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3. What system is replacing the American National llmad System? (9-3, 4) 



4. What are the three common aeries of threads? (9-6) 



5. Why are coarse threads used in aluminum? Fine threads on an ei^ine mouiit? (9-7^ 



6. Explain the thread designation 1/2 - 20 - UNF - 2A - Ul? (9-8, 10) 



7. What is the least accurate method of checlcif^ threads? The nnost accurate method? (9-13, 14, 16) 



8, Why should you grind two threading tools? (9-18) 



9. What factor does the side relief angle of a thread depend upon? (9-19) 



10. What side relief ang^ should be ground oa a threading tod? (9-20) 



1 1 How is the form of a threadmg tool checked? (9-21) 



12. How far does the tool move per woric revolution in cutting a thread? (10-2) 



13. What are the three conditions that must be met prior to machining threads on a lathe? (10-3) 



14. Ill threading worlc held between centers, why should the tail of the lathe dog be wedged in the 
drivepkte slot? (10-4) 
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IS. What cutting tods may be used to machine the runout groove for the threads on a shaft? (10-6) 



16. What is used to set the depth of cut in making threading cuts? (10-7) 



17. What causes the carriage to move after the lead screw begins to revolve? (10-13) 



18. How do you know when t^ engage the split nut? ( 10-13) 



19. What cnecks should you make after finishing the first cut in threading? (10-14) 



20. iiow do speeds for threading compare to those for turning? (10-15) 



21. How can you finish both sides if a thread at the same time? (10-17) 



What are some of the differences between external and internal threading on a lathe? (10-20) 



23. What are the positions of ^he compound rest in internal threadfng? (10-23) 



24. What spmdle spt ed should be used in power tapping? (10-27) 



25 How can pressure be exerted against a die so that it is alined correctly? (10-31 ) 



26. What is the difference between right-hand and left-hand threads? (10-32) 



27. What are the difference between chasing left- and right-hand threads? (10-32, 33) 



233 

11 



28. ^yisgreatertUeckanKerequiifdoaatodtobeniadtoc^ 
Singh thnwS% of the samt pttdi? (10-36) 



29. Why tre pipe thread Upered? (IWT) 

30. What is the main diffeiencebetiMii charily a 

31. What are some of the advutafes of aoAcM thread (n^er a equate 11^^ (11-2,6) 

32. Whattypeofthreadacottidbeuaediaaviae? (11-2,7) 

33. How are ^)ecial threads measured? (11-8) 
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Objectivii: Tobeabietoexplatohow todafllliii,pollsl^ 
To demonstrate a knowWie of the use of the center rest Jqfc^ 
post grinder attachments. 

1 . What are the two flniaUag operations? (12-2) 



2. Why should the fde teeth be kept dean? (12-3) 



3. What types of flies are used isffling work in a bthe? (12-4) 



4. What is used to polish ferrous and nonfenous metals? (12 S) 
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5 . Why are the ends of an abrasive strip separated when work is polished in a lathe? (12-8) 

6. What is the main reason for knurling? (J 2-9) 

7. What arc the two patterns of knurls? (12-1 1) 

8. In what position is the compound placed to perform ordinary knurling? (1 2-14) 

9. Why is the compound vmmg S"" to the right to start the knurl between layout lines? (12-16, 17) 

10. Why should the work rotation not be stopped with the knurling tool engaged? (1 2-18) 

1 1 . How can you tell the difference between a tension and compression spring? (12-19) 

12. What are the purposes of a ccntei rest? (13-2) 

13. How is a follower rest different from a center rest? (1 3-6) 

14 How close can the carriage be positioned with the carriage stop? (13-7) 

15. When would it be necessary to use a tool post grinder? (1 3-8) 



16. What surface foot speed is recommended for the work that is to be ground with a toolpost grinder? 



17. In rcfinishing lathe centers, why is the heaostock center fmished last? (1312) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 



CHAPTER! 



1 . Toolroom, engine, and turret. 

2. By the maximum diameter that can be swung over the ways, the distance between centers, and the 
overall length of Uie b^d. 

3. The ways are accurately madiined surfaces on the bed that im>vide alisiement and a bearing surface for 
the headstock, tailstock, and carrii^. 

4. A Morse taper. 

5 . To support wwk between centers, to support work extending from a chuck, and to hold cutting tools. 

6. The primary function the carriage is to carry the cutting tool. The carriage conUins the apron and 
saddk. whkh in turn is made up of the aoss sUde and compound rest. 

7. Spindle controls, lead screw and feed rod controls, and power feed controls. 

8. Those that cause the spindle to rotate and those that determine the speed of iotatk>n . 

9. The position of the levers located on the gearbox. 

10. Sinndlerpm. 

11. The lowest CPS value for metali being tivned. 

1 2. The distance the tool advances per rev^ution of the spirrflle. 
ul. Ttic distance the tool is fed into the work Mow the sujbce. 

14. Tliey cannot be used at high cuttirg speeds oecause the heat generated bnsab down the cutting edge. 

15. Ii IS the property oi a metal diat enables it to retain its hardness and sharp cutting edge while it is red 
h()t during a cutting operation. 

16. Carbide-tipped tools are harder and more brittle than high-speed tods. They require special grinding 
wheels for sharpening. 

1 7. The various angles and radii diat form the shape of the tool, enabling it to cut. 

18. End relief and back rake. 

19. To strengthen the tip, assist in radiating heat away from the cutting tip and provide a good finish. 

20. They prt vent long, dangerous chips from forming, reduce heat in the tool, and permit better coolant flow. 

21 . Tlie left-hand toolholder is used most ofter because it aflows die tod to cut closest to the chuck or lathe 
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22. The shape of the object, the operation to be performed, and the degree of accuracy required in alinement. 

23. Three* or six-jaw umversal and four-jaw independent. 

24 . A universal chuck is used when extreme accuracy is not required, a four jaw independent is used for the 
scjuare- and oval-shaped objects. 

25. The universal chuck jaws cannot be removed and reinserted in reverse to handle laiger than normal 
material, but the jav s on an independent chuck can. 

26. A four-jaw independent diuck. 

27. The main advantage ii that they are very accurate when they are uMd with the correct sized material, 
thus eliminating having to true each piece. The disadvantages are that they do not have as strong a 
gripping power, are generally avaihble only in standard, common sizes, and the work cannot be of a 
roug^ flniah. 

28. To protect the threads on the spindle nose and to remove the collet adapter. 

29. The collet should not be more than .005 larger, and never smaller, than the work. 

30. Both are turned clockwise to tighten the collet around the work. 

3 1 . Large, irregularly shaped work; thin, flat work; and work that requires offset holes. 

32. By mounting it on an angle plate that has been attached to a faceplate. 

33. A facefrfate can have work mounted on it. whereas a drtveplate should not Lave work mounted on it. 

34. A solid mandrel can be used only in a hole that has been accuratdy machined to a standard size. 

35. The large end. 

36. A gang mandrel. 

37. The cam lock, tapered, and threaded. 

38. A chip or burr caught between the spindle nose and the mounting surface of the chuck or faceplate. 

39. To avoid possible accidents, such as droppingthe chuck on your hands or the ways of the lathe, or 
straining yourself trying to hold chuck iq place as it is fastened to the spindle. 

40. The nonrotating center mounted in the t|Mock is called a dead center, whereas the center mounted in 
the spindle is called a Uve center. 

41. The cricket mark and visual methods. 

42. The dial indicator and test bar method, and the cut and try method. 

43. Male center. Half center. Ball bearing center. 
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44. A mixture of white or red lead and lubricating oU. 

45. A center drill. 

46. Work diameter, work hardness, depth of cut. opmtion being performed, «id shape of the work, 

CHAPTER 2 

1. Tocutittothedi^dlengthaiidtoobtainasttr&cefionirid^ 

2. Hot'. in a chuck, with a miniimun of overhang; and, normaBy, finisb feed the tool from the outside to 
the center of the work. 

3. Feedtog toward the carter enables you to obaenre both the layout B^Midcu^ 

4. Too mudi overhang can c«iseWbratk» and too Mttfc can fcad to inlerfe^ 

chuck; aUo, if the tool is not at cento heigh, a stub of metal wii be fotmed as 
under the center of the work. 

5. Imcrt a half center, because it win iJkiw the fadr* tool to finfa^ 
damage the center. 

6. As heavy u the work, machine, and cutting tool can withstand. 

7. This wiUenabfe you to save the work if the brgett diameter is acci^ Tumthe 
work end for end and macUne from the other end. 

8. By using the gradu^coHanoD the croaa^Ue or compound rest. 

9. Turn the cross-feed handto the levwae of the diwctioB you vrant to move; 
then turn the handle to the desired direction to the setthif you want. 

10. The compound rest is positioned 30(* to the right of the crosa^ axis w^ 
of compoimd reat T-slot. 

11. The work cannot be subjected to excessive pressure , or it wB f afl . 

12. Filleted. 

1 3. Freehand manipulation of crosa^Ude and carriage, using a fUe, or using a radius form tool. 

14. It helps reduce the weight of a Aaft and provUes clearance or "runout" for toher machiring operations. 

15. To provide runout, gripping surfiices on tods, to allow dearance for assembly of certain p«U, and 
lubrication channels. 

16. Parting on a laihe. 

17. Decrease the feed. 
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18. Convex. 

19. EquaJ to the radius to be cut. 

20. Approximately 5/8 indi per foot. 

21 . A self-holding taner has a vciy smaU (2^3") angle and can usually withstand any torque that is applied 
to It without assUtancc. A sdf^Ieasing Uper is much steeper (16") and requires a locking device to 
keep it from lUppbig. 

22. With a protractor, tapered ring gages, or miaomctcr. 

23. The travel of the compound rest. 

24. llicTPIis.lOO. 

25. TanZ. = .050. 

26. By offsetting the tailstock. 

27. Each piece of work will have a different taper on it. 

28. Using the graduation marks on the tailstock base and using a machinist's rule. 

29. The cut and tiy method. 

30. Variations in work length or center hole size can lead to variations in Uper when dujriicate pieces are 
machined. Center holes get distorted, and centers become dama^d. The tailstock has to be alined 
before straight turning, and only external tapeis can be cut. 

3 1 Lathe centers are in alinement , keeping down wear on centers and center holes, and the same taper can be 
cut on different lengths of work without changing the Uper setting. 

32. Failing to remove the backlash from the crossfeed screw before beginning the cut. 

33. Taper per foot on one end and degrees of Uper on the opposite end. 

34. in a drill chuck or a tailstock spindle , Hoated on the dead center, or mounted in the headstock spindle. 

35. By mserting the driU in a socket reducer of the correct size, and then inserting the socket reducer in the 
spindle. 

36. For regulating the depth of the hole . 

37. Boring on a lathe produces round and concentric holes, and it can be used to produce odd sized holes. 

38. The boring bar is more rigid and it decreases the chance of tool chatter. 

39. They are the same. 
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40. The overhang can be w^mM and the cuitiqg tori qp be reraowcd for darpcniag withoirt tet wr bii i g 

the setup. 

41. The diameter of the hole. 

42. It is camed by qsring in tfie boringbar.ivhkh canbe cauaedby sMl tool or too heaiy a cut, and can 
be eliminated by feedh« ^ tool at Ae aaoK aetting « the pieviois 

reducing feed or depth of cut. 

43. AfewdiouHudtfaanuBertfaandieaniaOdiaBieterof the taper. 

44. Witha taper plug gage or the matiQg part. 

45. Qianneiing and ch amb e ring . 

GHAPIERa 

1. It it the number of Aieada per incii neaiuMd r^nil^ to the Aw^d ^ if ^ 

2. Ilw major dianMter it the laigeatdtenKtar<rf an interim 
it the one uwd for identification. 

3. The Uiified Tliiead ^item. 

4. The coarte, fine, and extra flue thread aariea. 

5. CoarKthieadt are uaed in ahnupombecaiiaecrftiK better g 
whereat fine thrcada are uaed on an ei«ita wwrtteoaaK vftis^ 

6. H - H'^mmnnaltize 

20 - 20threadtperincfa 

UNF » Unified ttetiondFiaeieriet 

2A » 2,ciattofdMad;A,Mlanal1hMd 

LH « left^iand thread 

7. The leatt accurate method un the mating part, and tlie nmt accurate utet gp-oo-go gages and thread 
micrometers. 

8. One forroMgfaingciittandtheotiier forfiniiiingcuU. 

9. The heUx angle of tlie thread. 

10. 3"" to 6^ more than the helix aneie. 

11. With a 60*" center gage. 

12. A dittance equal to the lead of the thread. 

13. Proper work preparation, correct tool setup, and properiy arranged lathe gearing. 
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14. To prevent damagiiig the threads or tool if die tool grabs the work. 

15. A loundnose toi)l i»r p.irtino uuA s^ih lot.rjded corners. 
I(>. Tl)c coiiipDund rcsl. 

17. fcrigaging the split nul. 

i H By Dbscrving iJic thread-chasing dial. 

1 9. Stop the lathe and check the side relief angle of the tool and the actual pitch being cut. 

20. Slower than regular turning speeds for the type of metal being machined . 

21. By using a tod ground to 6(f and setting the compound at 29"* 

22. Internal threading, unlike external threading, has to take into account clearance restrictions, tool 
problems, and the different cutting angle that the tool approaches the work. 

23. The normal position is 30° to the left of the perpendicular position; but if clearance between the 
compound rest and the work occur, then position it I8(f from normal position. 

24. 10to30rpm. 

25. With a driU pad center,ihe front of the tailstock spindle, or the front of the driH chuck. 

26. Right-hand threads cause a bolt or screw to advance when it is rotated clockwise, whereas a left-hand 
thread causes a bolt or screw to advance when it is rotated counterclockwite. 

27. For left-hand chasing, the carriage moves toward the taUstock, the compound is swiveled 30^ to the 
left for external threads, aaundercvt is usuaUy required to provide a starting area for the tool, and the 
tools arc ground just the reverse of rij^t-hand threading tools. 

28. Because the greater the number of leads, the greater the hdix angle required . 

29. This permits tighter conaectwns and helps to seal these connections. 

30. The tai)cr attachment has to be used to chase pipe threads and the compound rest is used to withdraw 
the too) at the end of the cut. 

31. ft is easier to machine, easier to engage and disengage, and can be adjusted for wear more easily than a 
square thread. 

32. Acme and Buttre"!:. 

33. By using wires and a micrometer, a gage, or mating part 
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CHAPTEIl 4 

1 . Polishing and filing. 

2. To prevent any metal that has lodged between die teeth imm Matching the work or impairing die file's 
cutting action. 

3 . Bastard and lecond cut mill filet for sttai^^t surfaces* aad lotttd nd liatf round for otrmd surfaces 

4. Abrasive doth is used to polish fenous flKtais»aBd saodpqper isvaed on aoafernwiaetrfs. 

5. This prevents it fr^mi gnbbfaf and winding around die work, poasAlypifingyou^ 

6. To provide a aoiulqifLfiMngaenrke. 

7. Diamond and ttrai^t line. 

8. Perpendicuhr to the axis of the work. 

9. PermitsthecornersofroUers to contact the work first, leductag the pressure reqi^^ 
into the woric. 

10. The pressure may distort or qpiiqg die work. 

11. The coils of a lensiofi spring tie ttcagitdeoittaKither ,fc«ta<o«yKSsk>ayingiasspaoe 
each coH. 

P. It prevents springing m deflection of denier work and ai^poits 
boring or threading. 

13. A fcdlower rest is fastened to dK rsrriigr and nnves widi it » i4me« a center vest is hotted to tiie ways 
of the lathe and cannot move. 

14. .001 inch. 

15. When the woric is too hard to machine with normal cutting took or iriien a very fine finidi is required. 

16. 60tol00fpm. 

1 7. Because it need not t>e removed when it is oonqdeted, dius maintainii^ its accuracy. 
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Multipk ChoiGe 
Chapter 1 

(200^ The three clasies of lathes are the 

a. eiigme, turret, and bench. c. bench, toolroom, and engine. 

b. toolroom, bench, and turret. d. turret, engine, and toolroonr, 

(200) The handscraped, finished surfaces on the heavy framework of a latheaie k^own as the 

a. beds. c. vee grooves, 

ways. d. aUnement groover. 

(200) The formula D =^ 1 .444^x S'lS usr J to compute the diagonal (D)<>r*a.sc|uaat Wwii tbe lengtti of a 
side (S) is known. Which of the folloTWng is closest to the maximum size of square material that can be 
turned in a 10^ capacity lathe? 

a. 5 mcbes square. c. 7 indies square. 

b. 6 inches square. d. 10 inches square. 

(20(0 The hole in the nose of a spindle on most lathes is provkled witk 

a. a key way c. a Morse taper 

b coarse threads. d . cam-lock damp*. 

(200) The lateral adjustmant of the taiblock is made after flnt 

a. t ghtening the spimite dami^ c. back&ng the^pindfe away from the work. 

b. I. K)sening the sUding sptndU climp. d. unclampiag the taibtock from^ the ways. 

(200) The primary functioirof tfae.canriap^is to carry the 

a. apron. c. cutting^tool. 

b. s iddfe. d. compound rest. 

(200) Aim>ngt>therthiPii» the s pia dfc ? comreltgreupr coirtfole the 

a. f^ed rod and lead screw. c. powc '^'•^d and Jead^crew. 

b. r ite of spindle rotation; d. spfaidk speed and power feed. 

(200) The levers that contfol the^atio^of thfrleei: screw rpm or tleed rod rpm to the ^imdk rpm are 

located on the 

a. apron. c. carriage. 

b. gearbox. d. headstock. 

(200) The split-nut lever is engaged when performing 

a. thread cutting. c. straight turning. 

b. liiper turning. d, facings 
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10. (200) In the formula Rpm work diameter refers to the 

a. largest diameter of the work, c. average diameter of the woik. 

I» .HKilIci .iMJijclu ul tliu work d. diameter aUuallv bciiiji niaUiined 

II f '01) Clear jncc angle is another term for 

a. rehef angle, c. wedge aiiglc. 

b. i::ke angle. d. cuttmg edge aiiglu. 

i2. (201) Tl>e biggest objection to the use of carbide cutting tools is the 

a. high initial cost. c. low resistance to shock 

b. difficulty in sharpening. d. requirement for special toolholdcrs. 



13. (201) Too large a nose radius ground on a lathe tool would result i 



m 



a. better heat radiation. c. increased power requirement. 

b. chatter marks on the work. d. rapid breakdown of the cutting edge. 

14. (20 1) The type of lathe tool that a chip breaker is most often found on is a 

a. facing tool. c. finishing twl. 

b. threading tool. d. roughing tool. 

15. (201) The type of toolholder used for most straight-turning operations using a right-hand tool is the 

a. left-hand toolholder. c. straight toolholder. 

b. righi-hand toolholder. d. special toolholder. 

1 6. (202) The quickest and easiest type of chuck to use if 30 pieces of round material are to be faced off 
and ccntcrdrilled is the 

a. solid steel coUet. c. three-jaw universal. 

b. three-jaw independent. d. four-jaw independent. 

1 7. (202) The type of chuck that would hold a piece of hexagonal stock with greater 
holding power tha^ any other is the 

a. solid steel collet. c. three-jaw universal. 

b. tJiree-jaw combination. d. four^aw independent. 

18. (202) The type of chuck that incorporates the features of an independent jaw chuck and a universal 
chuck is the 

a. three-jaw independent. c. four jaw independent. 

b. three-jaw universal. d. four aw combination. 
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19. (202) The least de^rable chuck for holding work to be thieaded is a 

a. collet chuck. c. four^jtw universal chuck. 

b. three>jaw universal chuck. d. four-jaw combination diuck. 

20. (202) Standard coUet sets consist of collets designed to fit 

a. decimal sizes. c. decimal and fiactioaal sizes. 

b. fractional sizes. d. &ound, square, and hexagonal sh^s. 

21. (202) The front of a collet adai^ it piovidad with 

a. threads. c. a conical opening. 

b. a keyway. d. an untapeied opening. 

22. (202) Hie number ctf rubber fksx oolkti required to hokl work whose diameter r««es from Vi« to 1 
inches is 

a. 7. c 26. 

b. 11. d. 263. 

23. (202) The characteristic tbat faceplates and drivephles do not share is the 

a. slots machined in their f«:es. c. ease of inst^tion and removal. 

b. ability to drive a lathe dog. d. provision for mounting work on their faces. 

24. (203) By accident, a sludaid size reamer seams a bote ae^ralthousanddisl^ The 
type of mandrel ihat should theft be uaad it 

a. a solki mandfd. c. an expamk>n mandrel. 

b. a special mandrel. d. an eccentric mandfd. 

25. (203) The amount of eccentrictty Aat any particular eccentric mandrel it capable of depends upon the 

a. taper ( )f the mamfret. c. number of center holea in each end. 

b overall length of the maiukcL d. distance between of&et md ori^nal center holes. 

26. (203) The best mandrd to use if 200 washers of the same size have to be made is 

a. a gang mandrd. c. an eccentric mandrd. 

b. a nut mandrel. d. an expan8k)n ifiWidrel. 

27. (203) A cradle Mock is not necessary when mounting or dismounting a 

a. three-jaw imiversat chuck. c. 6-inch-diameter driveplate. 

b four-jaw independent chuck. d. faceplate with a fixture and the work attached. 

28. (203) A live center does not rcquipc and lubricant because 

a. it rotates with the work. c. it has less area in contact with the center hole. 

b. the pyramid shape helps drive the work. d. the point is harder than a dead center point. 



ERIC 



246 

24 



(203) When you aline centers using the dial indicator and test bar on the cut and try method, make 
ure that the test bar or trial piece is the same 

a. diameter as the work. c. material as the work. 

b. length as the work d. hardness as the work. 

.^0. (203) The type of lathe center that is least likely to be used in the headstock is the 

a. male center. c. femWe center. 

b. half center. d. self-driving center. 

. chapter 2 

3 (204) When facing work from ttic outer »i.rface toward the ce.uer, you should use a 

a. left-hand finishing tool and right-hand toolholder. 

b. left-hand finif' ng tool and 1- ii-hand ioolholder. 

c. right-hand rlnlshing tool and right-hand toolholder. 

d. right-hand roughing tool and itrai^t toolholder. 

32. (204) When should a half center be replaced by a standard male center when work is faced between 
centers? 

a After the first roughing cut. c. When ferrous metals are machined, 

b. Just pnor to the finishing cut. d. When facing ope.attons are complete. 

33. (204) h «vhat position is the compound set when it is used to face work to length? 

a. Parai'el to the axis of the work. c. Perpendicular to tlie ways of the lathe 

b. Perpeadicular to the work axis. d. At a 3(f angle to the cross slide. 

34. (204) Roughing cuts used to remove considerable amounts of metal should be 

a. hmited to a maximum depth of cut of 0.250 inch. 

b. as hcav>- as lathe, cutting tod, and work can take. 

c. restricted to ' jider 100 rpm on the spindle. 

d. made with a carbide tool. 

35. (204) In straight turning, which of the fohowing acitons must be taken when the toughing tool is 
replaced with a finidiing tool? 

a. Cut must be picked up. c. Centers must be adjusted. 

b. Tailstock must ^ alined. d. Cutting tool must be resharpened. 

th^L?™** compound rest graduations usually provide a micrometer adjustment for moving 

a. 0.0005 or 0.001 pei graduation. c. 0.00! or 0.002 per graduation 

b. 0.0005 or 0 002 per revolutwn. d. 0.001 or 0.005 per revolution. 
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i liW, The I<>*?1 inotion het^vecn a feed screw and the nut it cngDj?es is called 

a. wcai. c. ckarance. 

b. tulcraiKc. d. backlash. 

38. (204) U.ih reterence to the work, the position of a roughuig tool should be 

a. at center height. c. S^above center height 

b. 5^ below center heigjit. d. 3/64" below center height. 

3^. (205) 1 he surface that joins two different diameters is called 

a. a groove. c. a shoulder. 

b. a corner. d. an undercut. 

40. (205) Which is the strongest type of shoulder? 

a. Square. c. Undercut. 

b. Angular. d. Filieted. 

4 1 . (205) The type of comer which i: best produced by using a form tool is the 

a. round. c. angular. 

b. square. d. chamfered. 

42. (205) Cutting tool runout for later machining operations is provided by maduning 

a. fillets and grooves. c. grooves and undercuts. 

b. undercuts and Hlkts. d. shoulders and undercuts 

43. (205) The length of the culling portk>n of a parting tool should be equal to 

a. half the work diameter. c. two-thirds the work diameter. 

b. just over hall the work diameter. d. the wor!" diamete'. 

44 (206) The most proctical method of manufacturing several dozen small spherical-shaped knobs involves 
the use of a 

a. radius rod. c. concave form tool. 

b. convex form tool. d. template and pointer. 

45. (206) The two classes of standard machine tapers are the 

a. fnction and dn^ c^ flt. c. American Standard and Jarno. 

b. slow taper and fast taper. d. Self-holding and self-rdeasing. 

46 (202) The type of self-holding taper u^d exclusively on twist drill shanks is the 

a. Morse ti per. c. Brown and Shrrpe taper, 

b Jarno taper. d. American Standard taper. 
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47. (206) The only restriction placed on taper turning with the compound rest concerns the 

J A'ork I'jij-ih c. included JiiLi. 

b work dunicU'i d. amount <)l tMuipoiiiKi ij.ivi.! 

4X (2i)(y) NVIkiI In (he u (;1 ii Ki|)or pin'^ 

A 1/4 inch per inch. c. 0.600 inch per foot, 

b. 1 /4 inch per foot. d. 3/4 inch per foot. 

49. (206) Self-releasing tapers differ from seF-liolding tapers in that ihey have a 

a. positive locking device. c. taper of 3/4 inch per foot. 

b. self-holding tang drive. d. taper of 2 V2 inche-^ per foot. 

50. (206) When the large and small dumeters and lengih of taper are known, you must calculate for the 
angle of taper to 

a. find the TPI. c. set the compound. 

b. determine the TPF. d. position the cutting tool. 

5 1 (206) If the tailstock offset stays constant and the length of work decreases, the effect on the taper 
would be to 

a. eliminate the taper. c. increase the taper. 

b. decrease the taper. d. keep the taf constant. 

52. (206) In the offset tailstock method of t^per turning, the prim^jy factors in determining the degree of 
taper that can be turned are the max'nr.um 

a. work diameter and work length. c. amount cf offset and work length. 

0. size of center holes and work diameter. d. amount of offjct and maximum work diameter. 

53. ;206) Once it is set up, the main advantage of cutting tapers using the taper attachment is that this 
method 

a. reduces wear on centers. r. eliminates center hole distortion. 

b. keeps the centers m alinement. d. cuts the same taper on varying lengths of work. 

54. (206) A straight portk)n turned on work that should be tapered is caused by the 

a. centers being out of alinement. 

b. wrong setting of the taper attachment. 

c. spring in the work when the cut is staHed. 

d. failure to eliminate backlash from the crossfeed screw. 

55. (206) When the taper attachment draw bar has locked the crossslide to the guide block, depths of cut 
are controlled by using the compound rrst set 

a. 60° to the ways. c. perpendicular to the ways, 

b parallel to the ways. d. at any convenient angle. 
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56. 



(207) A method thit it nat normilly uied to htdd tdffll di^t Itthe-it 



u. iTiouniing in the lieadstock spindle, 
b. hoHmg in y drill chuck. 



c. floating on a live center. 

d. inserting into the tailstock <:pindle. 



57. (207) When the shank of a taper-shank drill is too small to fit into the tailstock spindle, you should use 



59. (207) Prior to boring, the diilhd bole diameter should be 

a. 1/64 inch smaller than the final size. 

b. l/32indi smaller thiH tte final siSB. 

c. 1/32 inch larger than the (Uaroeter of the boiii% bar 

d. equal to the boring bar dlansttfr. 

60. (207) Compared with ejctemal tttrmqg,lioiiBg a hole to aze requires 

a. the same qmd and feed, ' c. adecmaeinspaed aadtfatsane^aed; 

b. a decrease in q)eed and feed. d the ameqitedaiidadecmariff feed. 

61. (207) An important characteristic that a boriflg bar amd a aoHd boring tocd^liK^ 

a. have an adjustable overhii^. 

b. have the same degree of r^idily. 

c. are held on the compound rest by the tooyiolder. 

d. can be easily teniovediiMiou^ disturbing tl^^ * 

62. (207) The end relief of a boring cool wies with the 

a. diameter of the hole. c. type of finish desieed. 

b. size of the bonng bar. d. depth of the bole 

63. (207) The position of the boring tool in relation to the work for sti,^t boring is 

a. S'' above center for straight and on center for taper boring. 

b. S"" above center for both straight and taper boring. 

c. on center for strai^ and 5** above for taper b(xring. 

d. on center for both straight and taper boring. 

64. (207) Spring in a borin§ bar often leads to 

a. chatter marks. c. bdl*mouth holes. 

b. oval-ahaped holes. d. break down of the tool cutting edge. 



J. lathe dog. 
b. socket reducer. 



c. drill holder. 

d. dead-center float. 



58. 



(207) DriHing a hole to a predetermined depth is regulated by using the graduations on the 

a. tailstock spindle. c. dial indicator 

b. cTOssfeed collar. d. compound rest. 
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65. (207) '^-^ -^^T nrr Tuiiii f hrrtli ilii n — puw i r i ujl liyiiiti I 



a. parallel lu llic wayn. 

b. }>orpendicufair to the ways. 

c. at tfaesaaieaci^aft^diQ tapcn 

d. perptmHcuhrtotheaiiBlroltlirtipA 

66. (208> llie speed and fieedibrraaciimmMiB^ 

a. imetpeetfaiidt/2tbefiKtf. 

b. l/Ztiieapwla»r«iefW, 

c. teas speed aodfrnte tod* 

d. greatenpeed^andwnefeadl 



Ottplir 1 

67. (209) OtaagiiigtliefebetWTOat^ 
change in the 

a« pilch. 
nom»it riw. 

c. pitch^<fiameter. 

d. magtir {fiameter. 

68. (209) Tl^diieadsystemeilabBMbytltorilmta^ 
as the 

a. NatiamrSy^em. 

b. Unified aysteni. 

c. Cooidinatad %ilem. 

d. Commonweatlft aystem. 

69. (209) The dim molt cominontfaiead Mies iiTdte^tbnM 

a. fine, extri^ fine, and coane. 

b. iinc,qpecial,ttidcoane. 

c. coar9e,fine^awlq)edii. 

d. come, fine, and pipfc 

7a (209) ClaMofthnadlita^aRdnigneted.na 

a. title. 

b. letter. 

c. number. 

d. symbol. 
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71. 



(209) The part of a thread designation that refers to size is actually the thread 



;i. nia)()r diamoter 

b. nominal diameter. 

c. basic dintneler. 
d actual diameter. 

72. (20*>) Wlijt IS ihc knsf accurals iiiclho.d of c4icck4iig llucnds? 

a Mating ))jrt 

b. Tluead caliperN 

c. Thread micrometers. 

d. Go and no-go gages. 

13. (209) A thread micrometer measures which diameter'^ 

J Maji)r. 

b. Minor. 

c. Pitch. 

d. Actual. 

74. (209) The amount of relief angle grond on a tbicading ioo\ depends upon the 

a, diameter of the work. 

b, helix angle of the thread, 
c series ol thread to be cut 

i] typeof matcrtaltobethicadcd ' ' ' • >• 

75. (209) Unending tools for t^arse ^breads require mi)rc side rclici than tools for fine thicads because 
the 

A thread is deeper, 
b diJinclcr is larger. 

included angle changes, 
d helix angle is greater. 

76. (210) Engaging the split nut with the lead screw causes 

a movement of the caniage. 

b. rotation of the feed rod. 

c. rotation of the lead screw. 

d. disengagement of the gear train. 
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77. (212) What type of threa'i should be used when the pressure during use is in only one direction'' 

c. Buttress 

^^''-''i^'" d. Unified. 

■.^ riOi WlK'nv(.u,t,,„ni(-i w„l^ prior 10 a threading operation, !lK-k-,-,!iol V.kJ'.uv.c, ;.,,ulJh. 
« equal to .he hehx angle. shghtly less than (he thread depth 

h equal lo the root diameter. j slightly more than the tlne-.d depth 

7'>. (210) During threading, succesMve depths of cut are taken with the 

'"'I- c. crossfeed. 

^- "P''* d. compound rest. 

80. (21 0) The range of thread leads that can be cut on a lathe can be increased by 

a. engaging the lead screw gear. c. changing the gear box levers. 

b. disengaging the spindle gear. d. changing the spindle stud gear. 

81 . (210) The use of the thread-chasing dial is unnecessary when the number of threads per inch being cut is 

a. any even number. c. divisible by live or ten 

b. an odd number. d. a multiple of the lead screw thread. 

82. (210) The Jc-pth of cut duiing thread chasing should 

a. remain the same. c. decrease with succeeding cuts. 

b. not exceed .01 5. ■ j. increase with succeeding cuts. 

81 (2m) A threading tool ground with a 60° included angle and fed into the work with the compound set 
al IS a method used lor finishing 

a both sides of the general thread pitch range simultaneously, 
b. each side of the general thread pitch range individually, 
c both sides of a very coarse thread simultaneously, 
d. each side of a very coarse thread individually. 

84 (211) Prior lo chasing an internal thread, the work should be bored to the 

a pitch diameter of the thread. c. major diameter of the thread, 

b minor diameter of the thread. d. nominal diameter of the thread. 

85. (21 1 ) During internal thiead chasing operations, the compound rest is positioned 

a 30° to the left of the perpendicular position, c. 180° to the left of the parallel position. 

b. 30 to the right of the perpendicular position, d. 180° to the right of the perpendicular position. 

86 (21 . ) If the recoirimended clearance between an internal end external thread is not availrble for the hole 
tiiai IS to be threaded, it is customary to cut the thread 

a. .002 10 .005 inch larger than the major diameter. 

b. 005 to .010 inch larger than the major diameter. 

c. 005 to 015 inch per inch of the major diameter. 

d. .0 1 0 lo .0 1 5 inch per inch of the major diameter. 
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87 . (211) \n hand tappii« work in a lathe» the center can be remoml fronrtllr tap at soon at 

a. all the chipi are removed from the tap^ flutes. 

b. enough threads are cut to maimaui tap alinement. 

c. the tap begins to emerge from otfaersUeofworit. 

d. the compound rest begins to interfere with tfae^tap wrench. 

88. (211) The size of the groove machined in a^shaft as the 9ftvting,||0ittt for a.left-hand threading.tool 
should be 

a. two thread piicheswide^aad:aadeep-artbrpitGhdteneter. 

b one thread pitch widrandaadeep^tiirdouUedeiitkofthrttad; 

c. e. ual to one thread pitch wide andsUglitty deeper than thrsiagl^ 

d. a maximum of one thread pitch widr andrsiigMiy AaBbwertfansthrsio^thread depdi. 

89. (211) One complete turn of a nut og a^ M6 UNC douMfrleid threaded boit wiU'cause the nut to 
advance 

a. 1/32 inch. c. 1/ftindr. 

b. 1/16 inch. i 1/4 inch. 

90. (21 1) You are preparing^ lathe: to cut6 threads per inch, double lead. Thfrnumber of threadaper 
inch you would set the Ixihe to cut ia 

9. 2. c, 6. 

b. 3. d. 12. 

91. (211) Y^uareghmatrequmraenttocbaartitreadtoirvmoiiapieoerofipifR. Wliat : ahoutd the taper 
attachment set tinf b» aod how is tiia thieadicutting tool aUned? 

a. 1/16 taper per indragd p e i|wn d k ' Jilar to tHrt^iered surface. 

b. 3/8 taper per foot and peqwndkniar to^thr work^aas, 

c. 3/4 taper par foot andperpendkular to thrwork am 

d. 3/4 taper per foot mi per p e ndi cular to the taperedisurface. 



92 (114) Grmding wheel surface foot speeds are controlled on the toolpest grinder by changing 



tliapter 4 



a. the rpm of the work. 

b. belts on the grinder. 



c. drive and vidieel pulleys. 

d. typer of finding, wheds. 



93. 



(2i . > in filing work in a lathe, the flle tip should point toward the 



a. headstock at about a 10^ angjba. 

b. tailstock at about a 10^ ang^. 



c. headstock at abou^ %>2(f angle. 

d. tailstock at about a 2(f angle. 



94. 



(2 1 3) The primary purpose of a polishing operation is to 



a. improve the finish of the work. 

b. remove high spots from the work. 



c. reduce the dimensions of the work. 

d. aki in accurately fltting nuiting parts. 
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95 . (2 1 3) The mam purpose (or moving the abrasive strip slowly back and forth along the work in polishing a 
a piece of steel is to prevent the 

a removal of too much metal. c. abrasive strip fro-n gouging the work 

b generation of excessive heat. d. formation of scratch rings on the work surface. 

96 (213) What i>, the most common knurling pitch and pattern? 

a. Fine diamond. c. Fine straight line. 

b. Medium diamond. d. Medium straight line. 

97. (213) The maximum knurling speed should /lof exceed 

a. half the rough turning speed. 

b. half the finish turning speed. 

c. the highest spped that shifting the speed into reverse permits. 

d. the highest speed that shifting the feed into reverse permits. 

98. (213) In ordinary knurling, the compound should be positioned 

a. perpendicular to the work axis. c. 30° to the work axis. 

b. parallel to the work axis. d. 45° to the work axis. 

99. (21 3) What is the most probable cause of rings in a knurled surface? 

a. TaUstock center coming loose. c. Work rotation without carriage travel 

b. Center holes of work too smaU. d. Pressure too high for size of work. 

100. (213) The feed setting on the quick change gearbox in winding a tension spring should be equal to 

a. one-half the wire diameter. c. twice the wire diameter. 

b. the diameter of the wire. d. the desired spacing between the coUs. 

101 . (215) The main difference between the tension and compression spring winding operations on a lathe is 
in the 

a. carriage feed. c. degree of skiU required. 

b. spindle speed. d. manner of holding the spring ends. 

102. (2 1 3) When springs are wound in the lat»^e, the diameter of the spring is controlled by the 

a. method used to hold the mandrel. 

b. pressure placed on the wire during winding. 

c. size of the mandrel used to wind the spring. 

d. type of wire material used to wind the spring. 

103. (214) A principal advantage of the center rest overarm is that 

a. vertical adjustment of the work is ea$ier. 

b. clearance between the jaws and work U more closely controlled. 

c. It compensates for slight irregularities on the surface of the work. 

d. It enables duphcate pieces to be removed and replaced without jaw readjustment. 
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!()4. (214) When you use a center rest, a concentric betring surface is machined on the work to 

I true fht* wnik m ihe clamp 

h picvcni the work from springing. 

pM'Vidf tkMMii' i lor tlu tuHci usl |aws 
<J. pioviiic a bcann^^ surlacc lot the cente! re^^tjaws. 

1 0S (214) The adjuMable jaws of a center rest should be adjusted to the work while it ts 

a. stationary. c. revolving at a very sk>w speed. 

b. rotated by hind. d. revohing at a rough cultiiLg speed. 

106. (214) Grinding with a toolpost grinder is more efficient than muhiaing with a cutting tool for 
finishing 

a. ferrous metals. c taptied sarficei. 

b. work shoulders. d. extreroety hard metal. 

107. (214) When a foOower rest is set up, you mount it on the 

a. carriage. c. lathe ways. 

b. cathead. d. compound rest. 

108 (214) The attachment that should be used to help accurately position an intental recessing tool 
taking some measurements is the 

a compound rest lodi. c. nncroineter carriage stop, 

b. thread chasing diaL d. inacraRaBterciQsa-i!Uestop. 
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Preface 



VOLUME 3 OF THIS CDC deals with shaper and contour machines. You will 
not be expected to go directly into the shop and operate these machines after 
studying this volume. However, knowledge of tool and work setups, as well as of 
the machining operations, will make your work iu the shop a lot easier. The first 
two chapters cover shaper work and planing operations, while the last two concern 
contour machines and the operations that can be performed oa them. To under- 
stand the scope of this volume, you will find »t helpful to leaf quickly through the 
pages of each chapter an ^ note the numbered headings. 

Code numbers appearing on the figures are for preparing agency identification 
only. 

If you have questions on the accur?^cy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TTOC) Chanute AFB, IL 61868. 

If you have questions on course enrollment or administration, or on any of 
ECFs instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami- 
nation), consult your education officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECI, Gunter AFB, AL 36118, 
preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at 15 hours (5 points). 

Material in this volume is technically accurate, adequate and current as of 
June 1971. 
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CHAPTER 1 



Shaper Work 



ARE ALL manufactured items cylindrical in 
shape? Of course not. The shape of many 
items is rectangular, square, or hexagonal, or a 
combination of several geometric figures. In other 
words, many objects have several flat surfaces 
that intersect. One machine which is designed 
primarily to prcauce flat surfaces is the shaper. 
Since you will machine objects with flat surfaces, 
you must understand its operation. In this chap- 
ter, we riW discuss the construction and opera- 
tions of shapers, workholding devices, and cutting 
tools and toolholders. 

1. Construction and Operation 

I- 1. In this section we will discuss the types of 
shapers and also the major parts of a shaper 
and their functions and operating features. Aline- 
ment of the table, vise, and head in relation to 
one another is required for most shaper opera- 
tions. 

1-2. Con<'truction. The shaper uses a recipro- 
cating ram to carry the cutting tool. The cutting 
action takes place during the forward stroke of 
the ram. The feed takes place during the return 
stroke. The speed of the forward stroke is much 
slower than that of the return stroke. The tool- 
marks made by a shape- are parallel and evenly 
spaced. They produce a surface that you can 
scrape or polish to a high degree of finish. Ttie 
work is mounted on a movable table which feeds 
the work at a right angle to the movement of the 
ram. The size of a shaper is designated by the 
maximum length of its stroke. For example, a 24- 
inch shaper *s capable of machining an object 24 
inches long. Shapeis are used to machine small 
and medium size work. Extremely large work is 
machined with a planer, which is somewhat 
similar to a shaper The cutting too! cn a planer 
remains stationary, and th** work reciprocates 
(i.ioves Dack and forth). I he opposite is true of 
shapers. 

1-3. Types of shapers. There are two major 
types of shapers: vertical and horizon' :/. The ram 
on a vertical shaper reciprocates vertically, while 
the ram on a horizontal shaper (the most com- 
mon type) reciprocates hcizontally. 



1-4. The vertical shaper, shown in figure 1, is 
sometimes called a slotter. It is especially adapted 
to slot angles up to 5°. The head can also be 
swiveled through 180° in a horizontal plane. The 
worktable is supported on a fixxl knee and can 
be moved in or out and longitudinally by hand or 
power. When cylindrical or semicylindrical forms 
are being shaped, it can be rotated by hand or by 
power. The work may be held in a vise, clamps, 
or special fixtures. 

1-5. Horizontal shapeis are classified as uni- 
versal and plain shapers. The table on universal 
shapers can be swiveled n a vertical plane on a 
trunnion, and one surface can be tilted. In con- 
trast, the table on a plain shaper cannot be tilted 
or swiveled. This is the only difference between 
a universal shaper and a plain shaper. 




A. Clutch l«vtr 

B. Vertical ram 
C Tool htad 

D. Cutting tool 

E. Rotcry tobU 

F. Tronsvtrs* feed hondwheel 

G. Base 

H. Longitudinoi feed nondwheel 

I. Column 

J. Feeding mechanism 

Figure I. Verlical shaper. 
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1-6, Maior parts of a shappr. In order to fully 
understand the operation of a shaper, you must 
know the names of the major parts of a shaper 
and the purposes for which they serve. Figure 2 
will help you to identify the parts. 

a. The column is mounted on the base. Both 
the column and the base are designed to reduce 
vibration to a minimum. Accurately machined 
and scraped dovetail ways at the top of the col- 
umn serve as a bearing surfacv for the ram. The 
front of the column has vertical ways upon which 
the cro:;3rail slides up or down. 



b. The ram is heavily ribbed inside to give 
strength and rigidity. It is actuated back and forth 
horizontally in the dovetail ways by means of the 
rocker arm. The ram contains a stroke position 
mechanism. 

c. The crossrail is attached to the vertical ways 
of the base by means of plates, gibs, and bolts. 
The top surface and the front surfaces are ac- 
curately michined and scraped to provide smooth 
bearing surfaces for the trunnion apron as it is 
fed back and forth. The crossrail contains the 
table elevating mechanism as well as ihe table 
traverse mechanism. 
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A. Column 

B. Rom 

C. Clutch laver 

D. Rom positioning shaft 
F. Oovetoil woyt 

F. Tool ttid« 



G. Column vtrtlcol woys 

H. Cloppar box 
I. Tool post 

J. Vis* 

K. Tilting lurfoct 

L. Trunnion opron 

Figure 2. Universal shaper. 
2 



M. Crottroil 

N Hond travari* cronk (croiifMd scr«w) 

O. Bos* 

P. t^pid trav«ri« Uv«r 

Q. $p««d-chong« Uv«ri 

R. Motor twitch 
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A. Rock«r orm shoft 

B. Cronk pin 

C. Sitdins biock 
0. Rocker orm 



E. Ram poiiHon'^g shaft 

F. Rom odjuflmtnt screw 

G. Link 

H. Rom adjustment nut 
Figure 3. Drive mechanism. 
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i. Rom clomp hondte 

J. Cronk geor 

K. Cronk geor pinion 



d. The trunnion apron is an accurately ma- 
chined casting which is gibbed to the crossraiL 
The front part of the casting is machined cylindri- 
cally and is called the trunnion. 

e. The table is an accurately machined casting 
of bcxiike construction with a machined hole 
through it, which fits around the trunnion. 

/. The table feed mechanism is powered from a 
cam through a ratchet and gearing system which 
causes the table feed screw to rotate and move 
the table. The automatic feed moves the table a 
certain dist ince, usually in thousandths of an inch, 
for each stioke of the ram. The feed mechanism 
also has a rapid traverse for repositioning the 
table and the work quickly after the cutting 
stroke. 

g. The driving mechanism or bull wheel, shown 
in figure 3, is a large gear which is mounted inside 
the sliaper column and is driven by a pinion. 
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Anchored to the center of the ball wheel is a 
radial slide which carries a sliding block into 
which ae crankpin fits. The position of this pin is 
controlled by a small lead screw which is con- 
nected to the operator's side of the machine by 
means oi bevel gears and a square-ended shaft. 
The location of the sliding block and pin with re- 
spect to the center of the bull wheel governs the 
length of the stroke. As the bull whwl and crank- 
pin turn, the sliding block moves up and down in 
a rocker aim, causing the rocker arm to move 
back and forth. The top end of the rocker arm 
is connected o the ram by a link, and the move- 
ment of the rocker arm imparted through this link 
gives the ram a reciprocating motion. The number 
of strokes that the r mi travels per m. ute is 
governed by t^e chan ;e gearbox on the opera- 
tor's side of the mach nc. 



2bM 



1-7. Operation. An explanation of the fu*ic- 
tion and operation of some of the shaper parts 
will help you to understand how adjustments are 
made and how shaping operations are performed. 
Figures 2 and 3 will he^p you to locate and iden- 
tify the various shaper parts. 

1-8. Length of stroke. You change the length 
of the stroke by turning the ctroke adjusting 
shaft with a handcrank, A dial indicates the length 
of stroke. You should normally use a stroke that 
is 1 inch longer than the length of the work. 
The excess length of stroke is the overstroke. 
CAUTION: Always remove the adjusting crank 
as soon as you have made the adjustments. 

1-9. Position of ram. You position the rain by 
turning the ram-posit^oning shaft with the hand- 
crank. Loosen the clamp handle before you posi- 
tion the ram, and tighten it immediately after- . 
ward. Position the ram so that the cutting tool 
extends beyond the end of the work approxi- 
mately '/g inch to permit the chip to break off. 
The remainder (the greater part at the rear of 
the work) of the overstroke permits the clapper 
box to seat before the cutting stroke and the feed 
take place. Before you position the ram, set the 
length of the stroke and turn the motor ON. Ex- 
tend the ram on the forward stroke by jogging 
the clutch lever until the cutting too! is beyond 
the work. CAUTION: Always check to insure 
that the tool clears the work and that the tool- 
slide clears the dovetail ways before you engage 
the ram activating clutch. 

1-10. Speed. T'.e speed of a shaper is ex- 
pressed in strokes per minute The number of 
strokes per minute depends upon the cutting foot 
speed recommended for the metal and the length 
of the stroke. Use the following formula to con- 



vert the recommended cutting foot speed for 
shapers, shown in chart 1, to strokes per min- 
ute: 

VI CFS X 7 
when: 

N = Number of strokes per minute 
CFS = Cutting fool speed 

L = Length of stroke in inches (including the 
I -inch overtravel) 

Example: Assume that you are to rough machine 
a piece of tool steel 1 1 inches long, using high- 
speed tools. At what speed should you operate 
the sh**,. T? By consulting a machinist's handbook, 
you wUl find that the recommended CFS is 40. 
Then: 



N = 



N = 



40 X 7 
12 

280 



(the length of the wo/k plus 

the 1-inch overtravel) 



12 

N = 23% 

Thus, you would set the speed-change levers to 
the nearest available speed as indicated on the 
plate which shows the lever positions for various 
strokes per minute, NOTE: To prevent damage 
to the shaper, the ram must be stopped (on 
most shapers) before the speed-change levers 
are moved. 

1-11. Take the following factors into consid- 
eration when you determine shaper speed: 

• The hardness of the material. Usually, you 
machine hard material at slower speeds than soft 
or ductile material. 

• Tool shape. Use low speeds for form tools 
because of the increased area of contact. 



Chakt 1 

Recommended Shaper Cutting Speeds 
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Materials To Be Machined 


Carbon Steel Tools Hijzh Soeed Steel Tools 


Cuttinfit Speed (feet per minute) 


Cast Iron 


Roughing 
30 


Finishing 
20 


Roughing 
60 


Finishing 
40 


Mild Steel 


25 


40 


50 


80 


Tool S. .J. 


20 


30 


40 


60 


Brass and Bronze 


75 


100 


150 


200 


Aluminum 


75 


100 


150 


200 



53 416 



• Tool material. Use lower speeds for carbon 
steel tools than ior high-speed steel to^K 

• Power, design, and condition of the 
machine. Use higher speeds on heavy, rigidly 
constructed machines and on machines that are in 
good condition than on machines that are in- 
tended for light-duty applications. CAUTION: 
NEVER OPERATE THE SHAl ER AT ITS 
HIGHEST SPEED AND LONGEST LENGTH 
OF STROKE AT THE SAME TIME. DOING 
SO MAY DAMAGE THE SHAPER OR 
CAUSE IT TO MOVE OUT OF ALINEMENT. 

1-12. Feed, The tool may be fed into tl*; 
'vork by means of the toolslide in the same 
manner as that which applies in using the lathe 
compound rest to machine short taper. However, 
in shaper work, feed is normally understood to 
mean the rate of crossfeed travel. This is the dis- 
tance the table moves the work toward the tool 
before each cutting stroke, as shown in figure 4. 
You select the desired rate of feed by positioning 
the feed selection lever as shown on a graduated 
plate, llie available feeds on a shaper are much 
coarser than those on a lathe. They range from 
0.010 inch on most shapers to approximately 
0.170 inch. The feed that you select depends 
upon the finish you desire and on the depth of 
cut. You should take into consideration three 
factors that determine the speed you select: the 
tool, the material, and the machine. 

1-13. The d .^ciional feed control lever en- 
gages the power feed and also determines the di- 
rection of the table travel. If you turn the control 
lever toward the shaper, the table will feed to- 
ward the shaper. If you turn it away from the 
shaper, it will feed away from the shaper. The 
power disengages when you place the feed con- 
trol lever in the center (neutral) position. 

CUniNG TOOl 




_ DEPTH J 

Of^ CUT 



CUniNG 
TOOL 

WORK 



OiKEaiON 
OP FEED 53-323 



Figure 4. Shaper feed and depth of cut. 



1-14. You can move or feed the table by 
hand by placin^ .he directional feed control lever 
in the neutral position and taming the crossfeed 
screw with the hand crank. This safety type crank 
is held on the crossfeed screw by a spring- 
loaded ball that engages a groove which is 
machined around the end of the crossfeed jcrew 
shaft. The ball and groove hold the crank on 
the shaft but permit the crank to hang stationary 
when the shaft rotates. The top of the crank is 
fastened to the portion of the shaft that contains 
the spring-loaded ball by means of a hinge. You 
engage the crank with the crossfeed screw by 
pushing the bottom portion of .he crank toward 
the screw. This permits the teeth on the crank, 
which are normally kept from contact by spring 
pressure, to engage the teeth on the feed screw 
shaft and allows the crank to turn the crossfeed 
screw. 

I-I5. Rapid traverse. The rapid traverse lever 
permits you to move the table rapidly by power. 
Vou use the rapid traverse to move work back 
to its original location before you take another 
cut, or when you are setting up the work or tool. 
Do not use it while cutting operations are in 
progress. Point the directional feed control in the 
direction in which the table is to move and engage 
the rapid traverse by lifting up on the rapid tra- 
verse lever. Do not operate the rapid traverse 
with the ram in motion. The table may not stop 
exactly where you intend for it to stop and it 
.ay coast into the tool. CAUTION: Remove the 
nand traverse crank from the crossfeed screw 
before you engage the rapid traverse. The crank 
may bind on the shaft and rotate, and you might 
get hurt. 

1-16. Toolhead, The ioolhccd, which is lo- 
cated at the front of the ram, consists of the tool- 
slide and the clapper box. The base of the tool- 
head is graduated in degrees, as shown in figure 
5. Loosening the toolhead locknuts permits you to 
swivel and position the toolhead at any desired 
angle. You generally us« the toolhead in the verti- 
cal position. 

1-17. The toolslide is part of the toolhead. 
You use it primarily to control the depth of cut, 
which is shown in figure 4. Turning the toolslide 
handcrank raises or lowers the toolslide. A collar, 
which is graduated in thousandths of an inch, 
as shown in figure 5, and which is held on the 
toolslide screw by a friction spring, indicates the 
travel of the toolslide. The friction spring allows 
you to position the collar at zero. The toolslide 
serves the same purpose as both the lathe com- 
pound rest and cross slide, and you use it in the 
same manner. A lock screw permits you to secure 
the toolslide ♦ any setting you desire. 

1-18. Support the toolslide as much as possible 
by the toolhead to insure a rigid tooling setup. 
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GRADUATED COLLAR 



TOOL HEAD 



HEAD GRADUATIONS 




CRICKET MARK 
53-324 



Figure 5. Toolhead graduations. 

Figure 6 shows proper and excessive toolhead 
overhang. You can raise the table by loosening 
the table locknuts and rotating the table elevating 
screw with a wrench to position the work near 
th toolhead in oider to avoid excessive toolhead 
overhang. Be sure to tighten the table locknuts 
after you have elevated the table. 

1-19. The depth of cut you select depends 
upon ( 1 ) the operation being performed, (2) the 
finish desired, (3) the amount of material that 
is to be removed, (4) the type of tool used, (5) 
the type of metal being machined, (6) the rate of 
table feed, and (7) the type and condition of the 
shaper. You should plan the work so that equal 
amounts of material are removed from both sides 
ot the work to avoid leaving surface imperfec- 
tions on one side of the work. Your calculations 
for the roughing cuts should take into considera- 
tion the material to be left for th finishing cut, 
which is normally from 0.010 inch to 0.020 inch. 
Finish cuts made with a shear tool should not ex- 
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^TOO > 

IN TOOL A SLIDE 



Figure 6. Tool and trolhead overhang. 



ceed 0.005 inch in depth. The roughing cuts may 
be as deep as the tool, work, and setup permit. 
Do not make a cut deeper than 0.1 25 inch until 
you are thoroughly famfliar with the shaper. 

1-20. Let us assume that you are shaping 
a piece of metal 1.500 inches thick. It is to be 
finish machined to a thickness of 1.300 inches. 
How deep should the roughing cut be? You 
should calculate the depth of the cut in the fol* 
lowing manner: 



Original size of material 
Finished size of object 
Stock to be removed 
Material left for finishing 
cuts (0.015 each aide) 
Stock to be removed by 
roughing cuts 
Stock to be removed from 
each side by roughing cuts 



1 .500 inches 
— 1.300 inches 
0.200 inch 

—0.030 inch 

0.170 inch 

.170 



= 0.085 inch 



1-21. The clapper box is mounted on the tool- 
slide. The toolpost is mounted in the clapper 
box. The clapper box is hinged at the top to 
allow the cutting tool to raise slightly during the 
return stroke. You can tilt the clapper box to 
the left or to the right, or you may leave it verti- 
cal. The operation you are performing and the di- 
rection of the cut determine the direction in which 
you tilt the clapper box. Position the top of the 
clapper box opposite the direction of the cut. 
Doing so permits the cutting tool to swing away 
from the cut during the return stroke, prevents 
marring the v, rk, and also avoids unnecessary 
wear on the cutiing edge of the tool. Before mov- 
ing the clapper box, loosen the locknuts. 
NOTE: Do not forget to tighten the locknuts 
after you have moved the clapper box. 

1-22. Table, Vise, and Toolhead Alinement. 
You can machine work surfaces that are parallel 
and perpendicular to each other if the table, vise, 
and toolhead are prope**-' alined in relationship 
to the ram. 

1-23. There are two pes of tables; the plain 
and the universal. The plain type can only be 
moved in vertical and horizontal directions. The 
universal type not only can be moved In these 
directions but also can be swiveled and tilted, 
as shown in figure 7. 

1-24. Table alinement, to a large extent, de- 
termines the accuracy of shaper work. Before alin- 
ing the table, clean the surface and remove any 
burrs with an oilstone. Check the alinement with 
dial indicator. Readings taken at the four cor- 
ners of the table, as shown in figure 8, must be 
identical. If the readings are not identical, the 
table must be alined horizontally from left to right 
and from front to rear. 
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A. Swiv«t control 

B. Tilting control 

C Tilting turfoc* clomps 

D. Graduot»d f'ont of trunnion 

E. Swiv«l tabt* clamping nuts 

F. Front hand f—d control (wh«n furnished) 

G. TobI* support clomp 

H. Tobl« support lo<k 

Figure 7. Universal shaper table. 



1-25. To aline the solid face of the table, you 
should first loosen the swivel table clamping nuts. 
Next, turn the swivel control shaft to aline the 
cricket mark on the table with the zero gradua- 
tion on the front of the trumiion, as shown in 
figure 8. Because this gives only an approximate 
alinement, you must use a dial indicator for ac- 
curate alinemeat. Mount the dial indicator in the 
tool post. Then move the toolslide down until the 
indicator plunger contacts the table surface and 
the dial reads zero. Now, move the table with 
the hand traverse crank, as shown in figure 2, 
untU the opposite side of the table is positioned 
under the indicator. NOTE: Lift the plunger 
of the dial indicator with your finger to prevent 
it from dropping into the T-slots. Allow the 
plunger to gently contact the surface of the table, 
and then read the indicator. If the readmg is zero, 
the table is properly alined from left to right; 
if the reading is not zero, you must continue alin- 
ing the table. Remember the indicator reading, 
and swivel the table untU you obtain an indicator 
reading that is halfway between this reading and 
zero. Again, set the indicator to zero, move the 
table back to the opporite side, and take a sec* 
ond reading. Repeat this process until you ob- 
tah. identical readings on both sides of the table. 
The table is now alined horizontally from left 
to right, but not from front to rear. To check 



that alinement, first place the indicator plunger 
in contact with the table near the back edge and 
set the dial at zero. Move the ram forward by 
rotating the ram positioning shaft, as shown in 
f'^res 2 and 3. Take a reading near the front 
edge of the table. The readings should be identi- 
cal at both locations. If they are not identk^al, you 
should check the bearing surfaces on the column 
front and the crossrail for cleanliness and the 
gibs for proper adjustment. Now tighten the table 
clamp nuts. To make sure that the table did not 
move out of alinement while the clamp nuts wsre 
being tightened, take indicator readings at the 
four comers. 

1-26. You aline the tilting surface horizontally 
from left to rig^t in the srme way in which you 
aline the solid face. Make the front to rear alhie- 
ment by tilting the movable surface. Loosen the 
tilting surface clamps, shown in figures 7 and 9. 
Tilt the surface by rotating the tilt control shaft 
until you obtain zero-zero readings at the front 
and rear when the ram is extended. Figure 9 
shows the alinement of the tilting surface. After 
you have become experienced in operating a 
shaper, you can use power to move the r^ while 
you check the froat-to-rear alinement. When you 
use power, set the length of the stroke ^o slightly 
less than the length of the shaper table. Then, 
position the ram so that the indicator plunger will 
not travel beyond the edges of the table and op- 
erate the shaper at a very slow speed. 



SOLID FACE 




IL^ INDICATOR 



Figure 8 Alining solid face of universal shaper 
table. 
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TILTING 
SURFACE 



TILTING SlJRrACE 
CLAMPS 



Figure ^. Alining tilting surface. 

1-27. Accurate vise alinement is required to 
produce accurately squared surfaces when work 
is held in a vise. The bottom surface of the work- 
holding portion of the vise must be parallel to the 
stroke of the ram. Check the botton surface of 
the vise and aline it by the same method that is 
used in alining the surface of the table. Before 
mounting the vise on the table, clean and dcburr 
the table surface and the surface of the vise base 
that contacts it. Mount the vise on the table and 
swivel it to the position in which it will be used. 
Some jobs require the vise jaws to be perpen- 
dicular to the stroke. Figure 10 shows the dial 
indicator position for alining the jaws parallel 
and perpendicuh' to the travel of the ram. Use 
the crossfeed screw, as shown in figure 2, to 
move the table when you are checking alinement 
in the perpendicular position. Use the ram-posi- 
tioning shaft to move the ram when you are 
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Figure 10 Alining vise jaw 



checking alinement in the parallel position. Make 
necessary adjustments by swiveling the vise. 
CAHTION: Most shaper vises are extremely 
heavy and awkward to handle. Do not attempt 
to lift them by yourself. Qamp a suitable piece 
of stock in the vise to serve as handles to lift 
the vise. 

1-28. Proper lO Jhead alinement requires that 
the toolhead be perpendicular to the surface of 
the table or to the inner face of the stationary 
vise jaw. This will insure that the graduations on 
the toolhead micrometer collar indicate the 
exact amount of vertical travel. It will also in- 
sure that vertical surfaces produed by feeding 
the tool with the toolslide are perpendicular to 
the table or vise. To aline the toolhead, the table 
surface or the vise bottom surface should first 
be alined in the manner just discussed. Next, 
clamp a box parallel, angle plate, or other object 
that has accurate perpendicular surfaces to the 
table or the bottom of the vise. Place the tool- 
head is the vertical position. Use the graduated 
scale on the toolhead and the cricket mark on 
the ram for an approximate alinement, as shown 
in figure 5. Now mount a dial indicator in the 
toolholder with the plunger contacting the verti- 
cal surface of the box parallel near the top edge. 
Set the dial to zero reading and crank the tool- 
slide down. The dial readings at the top and bot- 
tom of the vertical surfaces should be ident .al. 
If the readings are not zero-zero, swivel the tool- 
slide slightly in the necessary direction until they 
are. 

2. Workholding Devicei 

2-1. The shaper is used to machine work that 
varies greatly in size, shape, and machining re- 
quirements. A knowledge of some of the work- 
holding devices will help you determine the cor- 
rect work setups to use. Work being machined 
in a shaper may be held or clamped by different 
methods. It may be held in a vise or between 
shaper index centers. It may be clamped to an 
adjustable or nonadjustable angle plate or fast- 
ened directly to the shaper table with one of 
several clamping devices. Work may also be held 
in special fixtures. 

2-2. Vises. There are two common tyoes (t 
shaper vises: the double-screw and the single- 
screw, as shown in figure 1 1 . The double-screw 
vise is stronger and has greater holding power 
than the single-screw vise. Slightly tapered work- 
pieces may be held in the double-screw vise with- 
out using extra jaws or shims. The single-screw 
vise has a faster clamping act'on. Most shaper 
vises may be swiveled or rotated in a horizontal 
plane. This makes it possible for you to position 
the jaws either parallel or perpendicular to the 
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Figure II. Doubie and single screw vises. 



Stroke of the ram, or to any desired angle in be- 
tween. The base of the vise is graduated in de- 
grees. These graduations indicate the angle to 
which the vise is swiveled. You can sw'vel the vise 
without removing it from the machine. 

2-3. Clamps. You may use a variety of 
clamps to fasten work to the table of a shaper. 
The type of clamp that you use will depend upon 
the shape and size of the work to be clamped. 
Use enough clamps to insure thai the work will 
not move during the machining operation. Figure 
12 illustrates and identifies the most common 
clamps. Figure 13 illustrates good and bad clamp- 
ing practices. 

2-4. Parallels. Parallels are bars of hardened 
too! steel whose opposite surfaces are parallel to 
each other. You use them to support the work at 
a convenient height while you maintain parallelism 
between the bottom of the work and the shaper 
table or vise. Figure 14 shows the most common 
type of parallel, a solid parallel Figure 15 shows 
an adjustable parallel You can vary the height 
ot the adjustable parallel by loosening the lock- 
screw and sliding the upper portion in the dove- 
tail slot. Degree parallels, shown in figure 16, 
are similar to solid parallels except that one side 
is machined at an angle. 



2-5. Angle Plates. There are two common 
types of angle plates: the standard (nonadj* 
able) and the adjustable. Angle plates are . 
ened to the table of the shaper, and the work is 
fastened to the angle plate. The standard angie 
plate, shown in figure 17, has two outer surfaces 
perpendicular to each other which permit you to 
mount work at an angle of 90° to the shaper 
tabic. You can raise the table on an adjustable 
angle plate, shown in figur*^ 18, and lock it in the 
horizontal position, the vciUval position, or any 
position in between. You can also rotate the ad- 
justable angle plate on its base. This permits 
you to perform light machining operations on two 
axes. 

2-6. Holddown Straps. You use holddown 
straps to hold thin objects flat against the table or 
parallel, as shown in figure 19. You generally 
use them when you want to remove a small 
amount of material from the surface of the work 
and when other clamping methods would be im- 
practical. The contacting edges of holddown straps 
are machined at a slight angle, which causes them 
to force the work down tightly against the table 
surface or the parallels, as shown in figure 19. 
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Figure 12. Types of clamps 
9 
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Figure 13- ClPTiping work. 
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Figure 16. Degree parallels. 
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Figure 17 Nonadjustable angle plate. 



Figure 14 Common parallel 
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Figure M Adjustabi. parallel 
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Figure 18. Adjustable angle plate 
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Figure 19. Holddown straps 

2-7. Bunters and Toe Dogs* You use hunters, 
shown in figure 20, to prevent work from shifting 
sideways during machining operations. Insert the 
hooked portion of the bunter in the T-slot of the 
table and use the threaded screw to lock the 
work and bunter in position. You can use ioe 
dogs, shown in figure 21, with bunters to hold 
thin work on the table. Figure 22 shows correct 
and incorrect ways to use toe dogs. 

2-8. Jacks. Jacks, such as the one shown in 
figure 23 A, are used to level work and to support 
portions that could spring down while they are 
being machined. Figure 23B shows the jack ad- 
justing screw. You can use extension bases, fig- 
ures 23C and D, to extend the effective height 
of the jack. Adapters, as shown in figures 23E 
and F, permit you to use the jack on work of 
varying contours. 



CONICAL POINT 



LOCK SCREW 



Figure 21. Toe dogs. 

3. Shaper Cutting Tools 
and Toolholderfj 

3-1. Many types of cutting tools are required 
to perform work on a shaper. We will now de- 
scribe different cutting tools and different types 
of toolholders. 

3-2. Shaper Tools* Shaper tools are ground 
from the same tool steels that are used for lathe 
tools, but they are usually ground from 
inch- by %-inch-(or larger) tool blanks. Shaper 
tools usually have less effective end relief and 
side relief than lathe tools. You can grind shaper 
tools as either left- or right-hand tools. 

li-3. We will discuss below some of the com- 
mon types of shaper tools. 

a. Roughing. The roughing tool, also called a 
buUnose roughing tool, is intended for heavy- 
duty cutting. It will withstand the pressures of 
heavy feeds and depths of cut. Figure 24 shows 
the various angles used for a left-hand roughing 
tool. Left- and right-hand roughing tools can be 
ground with a smaller nose radius and used for 
finishing vertical surfaces, as shown in figure 25. 

b. Steel shear. Steel can be more highly fin- 
ished with a shear tool than with any other 
shaper tool. Use the steel shear tool, shown in 
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Figure 20. Bunter 



Figure 22 Use of toe dogs 
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Figure 23. Jack and extension bases. 

figure 26, with a depth of cut less than 0.005 
inch and the finest possible feed for the best 
results. Figure 27 shows the cutting action of a 
shear tool. 

c. Aluminum shear. Use the aluminum shear 
tool, shown in figure 28, for finishing cuts on 
aluminum. 

d. Roundnose. The roundnose tool, shown in 
figure 29, has 0"" side rake and cutting edges on 
both sides. These enable it to cut in both direc- 
tions. You can use it to rough out metal between 
two shoulders, as shown in figure 30. 

e. Squaring. The squaring tool, s> own in figure 
31, has sharp comers on the ends of the cutting 
edge which allow it to produce 90° comers. 
Ycu use it primarily to finish the bottom and 
sides of shoulders, ke}^ays, and grooves, as 
shown in figure 32. 
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Figure 25. Down cutting tools. 
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Figure 26, Shear too! for steel. 
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Figure 24. Roughing tool angles 
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higure 27. Cutting action of a shear tool. 
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Figure 28 Aluminum shear tool 
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Figure 29 Roundnose tool angles 
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Figure 30. Roundnose tool. 
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Figure 31 Squaring tool angles. 

/. Shovelnose. The shovelnose tool is similar 
to the squaring tool, except that the ends of the 
cutting edge are rounded slightly and the back 
rake angle is reduced. You can use it either as 
a right-hand or left-hand tool. You can use it to 
machine vertical surfaces, as shown in figure 33. 

g. Parting. The parting tool is similar to the 
squaring tool, except that it is much narrower. 
You use it to part work, as shown in figure 34. 

h. Side finishing. The side-finishing tools, 
shown in figure 35, are ground as right-hand and 
left-hand tools and are used to finish vertical sur- 
faces. You can also use them for cutting or finish- 
ing small horizontal shoulders after you have 
taken a vertical cut. Figure 36 shows how to posi- 
tion right-h^nd and left-hand side-finishmg tools. 
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Figure 32. Squaring tool. 
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Fifejre 33 Shovclnose tool 

/. Angle cutting. Angl^ cutting tooh ar** used 
to finish angular sur^'^ces, such as dovetails, 
shown in figure 37. W\\ use ♦h'^m after you have 
roughed out the angle with a roundnose tool. 
You can grind them as right- or left-hand tools, 
as shown in figure 37. 

/. Form. Form tools may be used to cut a 
specific shape, such as concave or convex radii, 
V-grooves, etc. They are usually ground with 0° 
oack and side rake. You should rough out the 
form with a rc "^.dnose tool and use the form tool 
to finish the form. 

k. Gooseneck. The gooseneck tool, shown in 
figure 38, is <^orged so that th': cutting edge is 
behind the back side of tl'** .oc .hank. This al- 
lows the tool to spring tiway from the work 
slightly, reducing the tendency of a tool to gouge 
or chatter when you are rracliining cast iron. 
The cutting edge should Iiave a slight back rake 
and should be slif,htl> rounded at the corners. 
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Pigui 34. Cutting off tool. 
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Figure 35. Side finishing tool angles. 
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Figure 36. Side finish- g t<^ols 
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Figure 38 Gooseneck tools 
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Figure 40. Swivel head toolholder. 

3-4. Toolholders. A variety of toolholders are 
used for shaper work. First, we will discuss some 
of the common toolholders and then some of the 
general tooling setup recommendations. 

3-5. The n?>st common types of toolholders 
used in shaper work are the straight, the left- 
hand, and the right-hand toolholders that are 
identical to the common lathe toolholders. The 
straight toolholder is used more frequently in 
shaper work than in lathe work. The tool is 
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Figure 41 Spring toolholder 
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Figure 42. Positioning the tcDl and clapper box. 

held in the toolholder at an angle of approxi- 
mately 14^ Do not forget to compensate for thii, 
angle whe-* you are grinding the ' id relief and 
the back rake angles. Figure 39 si.ows how you 
can measure the 'fective end relief angle with 
a protractor head and blade by placing the tool- 
holder on a parallel. 

3-6. Swivel head toolh(Jders, such as the one 
shown in figure 40, can be used as a straight, 
right-hand, or left-hand toolholder. Spring tool- 
holders, such as the one shown in figure 41, 
are designed to absorb vibration. They are used 
with forming tools since they reduce the tendency 
of the tool to chatter. You can also use them 
when you machine cast iron for the same reason. 
Extension toolholders are used when you machine 
internal splines, keyways, etc. They are similar in 
construction and use to the boiing bars used in 
laihe work. 

3-7. The overhang of the 'ool and the tool- 
slide should be held to a mini^^um to insure the 
most rigid tooling setup possible. This is shown in 
figure 6. ^Vieneve»' possible, position the cutting 
edge of *he tool directly below the vertical cen- 
terline of the toolpost, as shown in figure 42. This 
will permit the tool to swing away from the sur- 
face that you are machining if the toolholder 
should move. 
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ALTHOUGH THE CUTTING stroke of the 
. shapcr is restricted to one direction of 
travel, there are few restrictions on the types of 
work that can be done on a shaper. All styles 
of flat and contour surfaces can be produced, as 
well as special shapes such as slots and keyseats. 
In fact, the only restrictions n shaper work are 
the maximum length of stroke and the capacity 
of workholding devices. The first section of this 
chapter covers che machining of flat and con- 
toured surfaces; the second covers the machining 
of special shapes. 

4. Machinin ; Horizontal, Varticol, 
Angular, and Contoured 
Surfaces 

4-1. In this section, wc will discuss the ma- 
chining of horizontal, vertical, angul?:, and con- 
toured surfaces. It is important to understand the 
work and too! setups involved. We will explain 
these as we discuss the operations. 

4-2. Horizontal Surfaces* Horizontal surfaces 
are surfaces that are machined in a horizontal 
plane. The surface^ may or may not be in a 
horizontal position in actual use. You machine a 
horizontal surface by feeding the work laterally 
below the ram, as ^hown in figure 4. The direc- 
tion of the feed is usually from left to right, as 
shown in figure 4, to permit an unobstructed 
view of the work surface and the cuiMng action 
of the tool. CAUTION: Eye protection should 
always be worn when you are operating a shaper. 

4-3. Use a rougi. iig tool and roughing feed to 
remove excess stock. Take the fmish cut A^ith a 
roughing tool, using a finishing feed, or ,vith a 
shear tool, using a finishing feed. Use the cutting 
lubricant that is recommended for the metal that 
you are machining during all cutting operations. 
Apply the lubricant to the work surface with a 
brush or an oilcan. Do not permit the brush or 
the oilcan spout to get cau^t between the cut- 
ting tool and the work. 

4-4. MccHning surfaces square ard parallel 
You can machine surfaces that are square and 
parallel to each other by machining them hori- 
zontally in the proper sequence. The following 



information will help you to understand how to 
machine work so that the opposite surfaces are 
parallel and the adjacent surfaces are square. 
Figure 43 shows the position of the work as 
the various sides are machined. 

4-5. You should first aUne the vise so that the 
stationary jaw and bottom of the vise are parallel 
to the ram travel. Obtain the proper size and 
type of material and mount it in the vise on the 
correct size parallels. The work should extend 
above the vise jaws far enough to permit remcval 
of the necessary stock without damage to the 
vise. 

4-6. If the workpiece has a rough surface, 
use soft copper or brass shim stock between the 
work and vise jaws, and the work and parallels. 
The shim stock pr'':ects the vise j-:ws and the 
parallels f^om the rough material. It also compen- 
sates for uneveness in the work and gives the 
vise greater holding power. On work that ha? 
smooth or machined surfaces, shim stock is re- 
quired only between the work and the movable 
vise jaw. This permits the work to s.at on the 
parallels and also protects the finished surface. To 
seat woik on the parallels, tap it lightly with a 
soft hammer ajter you have tightened the vise 
jaws. If you tighten the vise jaws after you have 
seated the work on the parallels, the work may 
be unseated. Burrs and sharp edges left by plan- 
ing should be fileJ off before removing the wurk 
for planing the next surface. 
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Figu/c 43 Squaring a block. 
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4-7. TUt the clapper box and mount the 
roughing tool and the toolholder in the toolpost. 
Calculate the amount of stock to be removed 
trom side 1. Set the length of the stroke, position 
the ram, and set the rate of feed and soeed 
Rough machine side 1. If an exceptionally good 
finish is not required, you can use the roughing 
tool for the finish cut. Otherwise, replace the 
roughing tool with the shear tool. The shaper 
should be set for finish speed and feed no mat- 
ter which tool is used. Finish machine side 1. 
Remove the work, and reposition it in the vise 
with side 1 in contact with the stationary jaw 
and side 2 uppermost, as shown in figure 43. 
Deteriiiine the amount of stock to be removed 
from siJe 2. Then rough and finish machine 
side 2. Again, remove the work. Repositioik it 
in the vise wth side ! in contact with the sta- 
tionary jaw and side 2 in contact with the paral- 
lels. Use paper shims to insure seating the work 
on the parallels, as shown in figure 43. Rough 
machine side 3, leaving enough stock for the 
finish cut. Finish machine side 3 so that the 
distance between sides 2 and 3 is correct. Now 
place the work in the vise wtih side 1 in contact 
with the parallels, and side 2 in contact with 
the stationary jaw, as shown in figure 43. Fmally, 
rough and finish machine side 4 so that the di- 
mension from side 1 to siJe 4 is correct. 

1-8. Machining ends of work square and to 
length. You finish work to lengJi by machining 
the ends square with the sides. To do this, you 
should first position the vise so that the jaws 
are 90° to the stroke of the ram. Next, insert the 
work upright in the vise. Use a machinist's square 
to aline the work vertically, as shown in figure 
44. Position the ram and set the length of stroke 
and speed and feed. Determine the amount of 
stock to be reraoved from the first end. Rough 
and finish machine end 1. Remove the parallel 
and aline it in the vise, as just explained, but 
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Figure 44 Positioning a short piece in the vise. 
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Figure 45. Tilting clapper box for down cutting 

with end 2 uppermost. Rough ma<.hine end 2. 
Leave a finishing allowance, and then finish ma- 
chine end 2 until the desired length is reached. 

4-9. Vertical Surfaces. When you machine 
verticd surfaces, such as the vertical surfaces of 
shoulders or the ends of work, position the tool- 
head square with the table or vise. Position the 
vise jaws square or parallel to the travel of the 
ram, depending upon the location of the surface 
that you are machining. When great accuracy is 
not required, you can aline the toolhead and the 
vise by means Aeir graduations. When greater 
accuracy is required, use the dial indicator. Hand 
feed the tool with the toolslide crank and make 
the depth of cut by moving the work toward the 
cutting tool. You can use the crossfeed dial grad- 
uations to determine the exact depth of cut. Tilt 
the clapper oox away from the surface being 
machined, as shown in figure 45. You can use a 
roundnose tool for both the roughing and the 
finishing cuts when average finishes are pennitted. 
Use side-finishing tools when finer finishes are 
needed and when you face deep vertical surfaces 
on shoulders and comers. Use squaring tools to 
finish the vertical surfaces on shallow shoulders 
and comers and to finish the sides of deep slots 
or grooves. 

4-10. Generally, you machine vertical sur- 
faces with a roundnose tool. After alining the 
toolhead and squaring the vise with the table, 
mount the work in the vise. Swivel the clapper 
bo^ and mount a luundnose tool in the tool- 
holder. The toolholdvr should be mounted at a 
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30'' to 45^ angle with the side of the work, as 
shown in figure 46. Position the ram and stroke 
length and set the machine for proper speed. 
Pick up the cut and set the tool for depth of cut. 
The depth of cut can range from to Me inch, 
depending on the rigidity of the sc.jp. Start the 
machine and hand feed the toolslide down a few 
thousandths of an inch per stroke. The to*., 
should be fed at the end of the return stroke. 
Machine the vertical surface to the required depth. 

4-11. .Mother method of machining vertical 
surfaces is to use a side finishing tool. This type 
of tool is used after the vertical surface has been 
rougned out with a roundnose tool, leaving ma- 
terial for finishing cuts. The top of the clapper 
box is swung away from the surface thai: is to be 
finished. Then mount a left-hand side finishing 
tool in a straight toolholder, if you are to finish 
a left-hand shoulder. The toolholder should be 
positioned in the toolpost so that the %e inch 
ponion of the tool's cutting e<fje, as shown in 
figure 35, is parallel to the surface to be finished. 
The best way to position the cutting edge is 
with a machinist's square, as shown in figure 47. 
Set the machine to the proper length of stroke 
Reduce the CFS to about 30 feet per minute 
to protect the small cutting edge. With the lip of 
the tool touching the bottom surface of the 
corner or shoulder, set the vertical feed dial at 
zero. NOTE: Omit this step when you use the 
side-finishir<> tool to finish the ends of the work. 
To plane wide, d<fep grooves, leave 0.005 inch 




Figure 46. Positioning toolhoJdcr for intenial 
verticJ surfaces. 
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Figure 47 vUining cutting edge with a machinist 
square. 

on the bottom surface for finishing with a squar- 
ing tool. Pick up the vertical surface of the work, 
using a strip of paper. Use vertical cuts to finish 
the shoulder or end of work to the correct size. 
Do not exceed a depth of cut of .004 and a 
feed of .002. 

4-12. Angular Surfaces. You can machine 
angular surfaces by any one of five methods: 
(1) swiveling the vise, (2) swiveling the toolhead, 
(3) swiveling or tilting the table, (4) mounting 
the work on an adjustable angle plate, or (5) 
holding work in a fixture. 

4-13. Swiveling the vise. U the surface to be 
machined is perpendicul- r to the surface of the 
table (or to the bottom of the vise) and at aa 
angle to the stroke of the ram, you ':an machine 
it by simply swiveling the vise. Swivel the vise 
until the angular surface is parallel to the s*i 5 
of the ram. Make the depth of cut by moving 
the table until the work contacts the cutting tool. 
Feed the tool vertically by means of the toolslide 
handcrank. Use the same tooling setup that you 
use to machine vertical surfaces. 

4-14. Swiveling the toolhead. The toolhead 
can be used to machL-.e surfaces that are parallel 
to the stroke of the ram but at an angle to the 
vertical centerhne of the toolhead. Swivel the 
toolhead to the required angular setting and set 
up the tool as you would for horizontal planing. 
Feed the tool by hand by means of the toolhead 
crank. Use the toolhead graduatio^is, shown In 
figure 5, for angles requiring average accuracy. 
Aline the toolslide with a dial indicator and a sine 
bar. as shown in figujc 48, when you are ma- 
chining angles that must be hifhly accurate. 



" 260 



4-15. Swiveling the table. You can position 
the work at the angle you desire by swiveling 
the table on the trunnion or by tilting the tilting 
surface. Use the graduations on the table for 
average accuracy. Use a sine bar, as shown in 
figure 49, for extreme accuracy. Set up the tool 
and power feed the work in the same manner you 
use to machine a horizontal surface. You can 
machme work on three axes, as shown in iigure 
50, oy swiveling the vise, the table, and the tilting 
surface. 

4-16. Viing an adjustable angle plate. You 
can mount work on an adjustable angle plate, 
such as the one shown in figure 18, m order to 
machine the work at the angle, or combination 
01 angles, that you desire. You can machine the 
same angles using an adjustable angle plate that 
you can machine by swiveling the vise, the table, 
or the tilting surface. However, you should use 
the ijustable angle plate for light-duty applica- 
tion^ only. 

4-17. Using a fixture. You can mount work 
on a fixture, as shown in figure 51, in order to 
machine an angular surface in the same manner 
you use to machine a horizontal surface. You 
can manufacture fixtures that will hold work at 
any ajgle you desire. However, the time required 
to manufacture a fixture i: not justified unless 
the work is of ^ recurring nati''*^, or unless 
several identical items are to be m-Ained. 

4-18. Contoured Sutiaces. In addition to flat 
surfaces which are machined horizontally, verti- 
cally, or at an angle, you can also machine ir- 
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Figure 48. Alining toolhead with a sine bar. 
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Figure 49. Alining table with a sine bar. 

regular or contoured surfaces with a shaper. While 
horizontal, vertical, or angular surfaces may 
connect the curved portions of an object, only 
the curved areas are considered as being con- 
toured. The contour may consist of a single 
radius, or it may have several curves, such as 
the contoured surface shown In figure 52. 
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Figure 50. Angular planing ca three 
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Figure 51. Angular planing with a fixture. 

4-11. You can machine contoured surfaces 
with a haper by first laying out the contour on 
the end of the work blank and then cutting the 
contour with form tools. You can also do it by 
moving the worh and cutting tool at the same 
time. You normally use form tools to machine 
several identical items. If the contour is too large 
to be formed by one tool, you can g^ind tools 
to the shape of portions of the contour and then 
machine the contour by sections. You will obtain 
the best results by roughing out the contour 
with a roimdnose tool before usitg the lorm 
tools. Contours that are not practical to pr OuuCC 
with form tools can be machined by moving the 
work and the tool simultaneously so that the tool 
follows the layout line. You can feed both the 
work and the tool by hand, which requires 
a great deal of skill and experience, or you can 
feed the work by power and the tool by hand. 
You can machine a fairly accurate and uniform 
contour with this method, since it enables you to 
concentrate mainly on feeding the tool. Use a 
roundnose tool to machine the contour. NOTE: 
Place the clapper box in the vertical position 
when you machine a contour. If necessary, you 
can 'ile and polish the contour after machining 
it to improve its shape and finish. 



5. Machining Shoulders, Slots 
and Grooves, and Ke/seats 

5-1. In this secucn, we will discu^^s the ma- 
chining of shoulders, slots and grooves, and key- 
seats. We will also discuss the work and tool 
setups involved in these operations. 

5-2. Shoulders^ Square shoulders are machined 
by removing excess material with a roundnose 
too!. TliS surfaces are then finished with .4 side- 
finishing tool or a squaring tool. 

5-3. Removing excess material. You can re- 
move excels material by making a series Oi hori- 
zontal cuts toward the layout line or shoulder. 
When you are roughing out material between 
two shoulders, feed the work in each direction o' 
successive cuts. This will save time, since it will 
not be necessary for you to return the work to 
a starting point for each cut. When you sre 
roughing between shoulders, the clapper box 
should be posidoned centrally and the straight 
tooiholder set vertically, as shown in figure 53. 
Set up the tool as sho^ii in figure 54 when you 
are machining to one shoulder. Make each suc- 
ceeding cut slightly shorter than the preceding 
cut, leaving a stepped fillet in the comer. Tilt the 
tooiholder to permit machining closer to the 
shoulder and to keep the tooiholder from imer- 
fering with the cut. 

5-4. After mounting a roundnose tool in a 
straight tooiholder, set the machine for the 
length and position of stroke and the correct 
speed. Make sure that the lam and tool slide 
clear the work and vise. Pick up the cut with a 
piece of paper, and set the toolslide dial at zero. 
With the feed set for roughing, begin the cut 
approximately inch from the vertical layout 
line. The depth of cut should not exceed 0.075 
inch. You can use the power feed to machine 
v'it! in Vs mch of the layout line and then feed 
by hand until the tool is within of the pre- 
ceding cut. CAUTION: Be sure t' t the tool- 
holder continues to clear the work us the depth 
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Figure 52. Ma .<ning a contour. 
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Figure 53 Roughing excess between two shoulders. 

of the shoulder increases. Repeat this process 
until you obtain the depth you desire 

5-5. You can measure the height of the shoul- 
der with a depti micrometer. Be sure that you 
remove all burr? irom the shoulder before you 
make the measurement. Leave approximately 
0.015 inch for additiv^nal cuts on the horizontal 
surface. Now swing the clapper box away from 
the shoulder and position the tool at a 30° to 
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Figure 54. Roughing excess to one shoulder. 



40° angle to the shoulder. Pick up the vertical 
surface of the shoulder and set the crossfeed 
graduated collar at zero Position the work 
and the tool with the crossfeed and toolslide so 
that the tool contacts the horizontal surface of 
the work. Then set the toolslide graduated collar 
at zero. Rough out the stepped material next to 
the shoulder to within 0.005 inch of the vertical 
layout line. You do this by making a series of 
vertical cuts. Use the zero setting of the toolslide 
and crossfeed graduated collars as reference 
points f' • each cut. Move the work for the depth 
of cut to not exceed 0.050 inch) with the 
crossfeed. Then move the tool downward with 
the toolslide f-'- the feed. Feed the tool down- 
ward to within 0.005 inch of the horizontal 
layout line and feed the work away from the 
tool by engaging the power feed. 

5-6. You have now machined twth the verti- 
cal and horizontal surfaces to within 0.003 inch 
of the layout line. If the fillet formed by tb nose 
radius on the tool and the finish produ A by 
the roundnose tool are acceptable, go ahead and 
use a roundnose tool. Machine the shoulder to 
the finished dimensions. K you require a better 
finish and a square shoulder, machine the verti- 
cal surface with a side-finishing tool and the hori- 
zontal surface with a squaring tool. Or machine 
both the vertical and horizontal surfaces with a 
squaring tool. You obtain the best finish by using 
both the side-finishin^ lool and the squaruig tool. 

5-7. Finishing with a side-finishing tool To 
machine the vertical surface of a shoulder with 
a side-finishing tool, you should swing the top of 
the clapper box away from the surface that is to 
be machined. Next, mount the side-finishing tool 
in a straight tooiholder. Aline the cutting edge 
with a machinist's square. A property pc:,;tioned 
side-finishing tool is shown in figure 55. After 
setting the machine for proper stroke lenfi., 
position, and speed, pick up the bottom surface 
of the shoulder with the point of the tool. Then 
set the vertical feed dial at zero. When the side 
intersects a horizontal surface, 0.005 inch may 
be left on the bottom surface to permit a finishing 
cut with a squaring tool. Pick up and machine 
the vertical surface in the manner previously de- 
scribed for machining vertical surfaces. Measure 
the shoulder width with a micrometer and ma- 
chine ii to the desired size. To machine the hori- 
zontal surface, you must use a squaring tool. 

5-8. Finishing with a squaring tool. Another 
method of finishing a vertical surface is with the 
souaring tool. After placing the clapper box in 
the vertical position, mount the squaring tool in 
a st-aight tool holder. Next, position it in the tool- 
pos. viwh the cutting edge paralld to the horizon- 
tal srxface. Set the cutting edge parallel to the 
horizontal surface by positioning the tool until a 
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Figure 55. Position of side rinishiag tool. 

drag .s fell on paper placed between th-e comers 
of the cutting edge and a parallel. The parallel 
is placed in the vise or on the table. After pick- 
ing up the vertical surface of the work, feed the 
tool vertically. Machine the shoulders to the cor- 
rect width and pick up the hr Izontal surface 
with the tool. Move the tool away from the 
shoulder and take a shallow cut on the hori- 
zontal surface. Now measure the height of the 
shoulder from the surface that you have just 
machined. Take additional cuts and feed the 
work horizontally until you reach the correct 
depth. NOTE: Feed by power to within Vs inch 
of the vertical surfaces, and feed by hand the 
remaining distance. Do not exceed a 0.005-inch 
depth of cut and a 0.010-inch feed, 

5-9. Slots and Grooves* You can machine small 
slots and grooves with form tools, as shown in 
figure 56. Or you can rough out large slots and 
grooves with a roundnose tool and finish machine 
them with squaring tools, as shown in figure 57. 
Use square-nose tools to finish square and rec- 
tangular slots. Use left- and right-hand side 
finishing tools to finish machine V-slots. You can 
cut off or part work with a sbaper by simply 
machining a narrow slot deep enougii to sep2^- 
rate the work. Use a shaper parting tool, such 
as the one shown .n figure 34, for parting. Grind 
shaper parting tools identical to the squaring 
tool shown in figure 31, except for the width of 
the cutting edge. The cutting edge on shaper 
parting tools should be &*om Vi inch to inch 
wide. CAUTION: Do not attempt to part work 
or machine deep grooves paiallel with vise jaws. 
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Figure 56. Slots aiid grooves. 

The pressure of the vise jaws may cause the 
groove to close slightly and bind on the cutting 
tool. 

5-10. Keyseats. squa. . or rectangula- Key- 
seat is an external or internal slot or groove that 
is cut parallel to the axis of a shaft or hole and 
which is fitted with a key. This key prevents slip- 
page between a shaft and its mating part. The 
terms "keyway" and "keyseat" are often used 
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Figure 57. Machining a wide groove. 
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interchangeably; however, the> arc not the 
same. A kcyway consists oi two grooves 
or slots, called keyseats, machined in a shaft 
and in a part going ou the shaft which 
are in alinement with each other. The cut- 
ting tool that you use to machine a key- 
seat is similar to the square-nose tool, shown in 
figure 31, except for the width of Jic cuttinr, 
edge. The crtting edge should be the same widlii 
as the key that will be used in the kcyway. Be- 
fore machin^rg a keyseat, you should accurately 
lay out its location, width, depth, and centerline. 
Extend the centerline of the keyseat down the 
end and through the axis of Ae workpiece. The 
extended centerline will help you aline the work 
and cutting tool. A slow operating speed and i 
depth of cut of less than 0.010 inch will help 
keep the tool from springing. Both external and 
internal keyseats can be machined with a shaper. 

5-11. External keyseats. If the keyseat that 
you are to machine does not extend the full 
length of the shaft, drill a hole at the point where 
the keyseat will terminate, as shown in figure 
58A. The diameter of the drill should be equal 
to the width of the keyseat. The depth of the 
drilled hole, excluding the conical point of the 
drill, should be equal to the depth of the keyseat. 
The hole prevents chips from building up in front 
of the cutting tool and permits machining the key- 
seat to its full length. If both ends ot the keyseat 
that you are to machine terminate on the shaft, 
drill holes at both ends of the keyseat, as shown 
in figure 58B. Drill two adjacent holes on the 
keyseat where the cut will originate, as shown in 
figure 59. Remove the metal between the holes 
by chiseling and filing. The elongated hole will 
permit the cutting tool to drop into position. 
Grind away th** back portion of the tool, as 
shown in figure 59, to provide additional clear 
ance between the tool and the sides of the holes. 
Position and set the length of the stroke care- 
fully. If the length and location of the stroke are 
incorrect, the tool or the work could be dam- 
aged, or you could be injured, so be careful/ 




Figure 58. Drilled holes for keyseats. 
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Figure 59. Kcysc; slotting tool. 

Measure the depth of the keyseat along the side 
from the bottom to the edge formed by the inter- 
section of the side and the circumference of the 
shaft. You can find the recommended dimen- 
sions of keyseats for shafts of various diameters 
in machinists' publications such as the Machinery's 
Handbook, 

5-12. To machine an external keyseat, first 
lay out the keyseat, extending the centerline over 
the end of the shaft. Drill holes at the ends of 
the keyseat, equal in diameter to the width of 
th.j key. Mount the work in the shaper vise. 
Aline the centerline with a machinist's square, as 
shown in figure 60. Place the clapper box in the 
vertical position. Mount the toolholder and cut- 
ting tool so that the tool-cutting edge is alined 
horizontally. Position the keyseat under the cut- 
ting tool. Set the machine for proper speed and 
length of stroke. Carefully position the stroke so 
that the tool will not overnm the drilled holes. 
Pick up the top surface of the shaft and machine 
the keyseat to the required depth. 

5-13. The total depth of cut may be deter- 
mmed by the formula: 
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Figure 60. Alining work wth a machinist square. 
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when 

D = depth of cut 
W = width of key 
f = heigh V of arc 

(The height of arc may be found in a chart in 
such machinists' publications as the Machinery's 
Handbook.) Insert a key of the proper size in 
the keyseat and measure over the key and the 
diameter of the shaft to insure that the keyseat 
is the required depih. The micrometer reading 
over the key and the shaft may be determined 
by the formula: 

w 

M = D + — - f 
A^hen 

M = mirj ,-)meter reading 
D — diar.eicr of shaft 
W - width ot key 
f = height cf arc 

Deburr the keyseat and remove the work from 
the shaper. 

5-14. Internal keyseats. Internal keyseats are 
machined with a setup, such as the one shown 
in figure 61. Note that the clapper box is in the 
vertical position and is locked to keep it from 
moving. The tool is held in an extension tool- 
holder and fed upward for the depth of cut. 

5-15. Machine an internal keyseat by first 
laying out the keyseat centerline on one end of 
the work. Then mount the work in a vise. Aline 
the centerline with a machinist's square, as 
shown in figure 61. Mount the cutting tool in an 
extension toolholder and the toolholdcr in the 
clapper box with a lock on it to keep it from 
swinging. Aline the tool-cutting edge horizontally. 
Set the machine for the proper speed and length 
of <itroke. Position the stroke and aline the tool 
with the keyseat. CAUTION: Check to insure 
clearance between the cutting tool and the hole 
and the tooL\older and the hole. DO NOT en- 
gage the ram movement until you are absolutely 
sure of the proper clearance. Pick up the cut on 
the surface of the bore and set the gZaduated 
toolslide collar at zero. Machine the keyseat to 
the required depth through use of the collar 
graduations. 
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Figure 61. Alining gear and positioning extension 
toolholder. 

5-16. The total depth of cut may be deter- 
mined by the forraula: 




D = depth of cut 
W = width of key 

Before removing the work from the vise or dis- 
mantling the tool setup, measure the keyseat for 
the proper depth with an inside caliper. Measure 
from the bottom surface of the keyway to the 
surface of the hole directly opposite. Measure 
the inside caliper setting with an outside microm- 
eter. The correct micrometer reading for an in- 
ternal keyseat may be determined by the formula: 

M =r D + + f 

when 

D = dian*»ter of hole-^ 

W = width of key 

f = height of arc 

Deburr the keyseat and remove the work. The 
keyseat should be wide enough to permit the key 
to be pressed easily in position, but it should 
hold the key in position without support. 
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Contour Machine Work 



OF ALL THE machines you will operate, the 
contour machine will probably be the great- 
est challenge to your resourcefulness and skill. 
Unlike the lathe and shaper, the contour ma- 
chine depends almost entirely upon the skill of 
the operator for the precision and quality of the 
work it produces. In this chapter, we will discuss 
the construction and operation of a contour ma- 
chine ?nd essential features of saw, file, and 
polishing bands. 

6. Construction end Operation 

6-1. In this section we will discuss the main 
parts of a contour machine and their functions. 
We will also cover the controls and the operation 
of a contour machine. 

6-2. Construction. You must be familiar with 
the names and the uses of the major parts of a 
contour machine in order to set up and operate 
one. Contour machines are made in a variety of 
sizes and models by several manufacturers. The 
size of a contour machine is determined by the 
throat depth, which is the distance from the saw 
band to the column. All contour machines are 
similar in construction and operation. In this 
chapter, the description of the parts, the setups, 
and the operations pertain to one of the models 
that is most widely used in the Air Force. You 
should have no difficulty in applying the infor- 
mation to contour machines made by different 
manufacturers. Figure 62 wUl help you locate 
and identify the major parts. 

6-3. Head. The head is the large unit at the 
top of the contour machine that contains the 
upper guide wheel. The job selector dial mounted 
on the upper door gives you complete informa- 
tion for sawing, filing, and polishing more than 
fifty different materials. The drive motor switch 
is located on the front of the head. It is equipped 
with voltage overload protec^^-n. The tension 
adjustment handwheel is locu s directly below 
the upper guide wheel. A flexible air line is 
mounted on the front of the head. The air line 
supplies a constant blast of air at the cutting 



point to keep the work layout lines free from 
chips. The adjustable post supports the upper 
saw guide and can be adjusted close to the work 
to guide the saw as it passes through the kerf 
(the slot produced by the saw band). 

6-4. If the machine is bolted rigidly to a solid, 
level floor, it seldom springs out of alinement. If 
the saw guides are in alinement and the table is 
square with the post, the machine viU cut true. 
You can check the table for alinement by check- 
mg the squareness of the table and the posf with 
a square. If the table is not square with the post, 
you can tilt the table until it is. 

6-5. Column. The column is the portion of 
the machme that supports the head. The speed 
mdicator or tachometer is mounted on the col- 
umn. It indicates speeds in fe-t per minute (fpm). 
It is driven by a separate cable from the trans- 
mission. It has a "low range" from 0 fpm to 400 
fpm and a "high range" from 0 to 1600 fpm. The 
resistance type butt welder is used to join new 
bands and to join bands which have been cut for 
internal sawing. A grinding wheel for grinding 
saw bands is mounted directly below the butt 
welder. The wheel and guard are designed so that 
bands may be ground on the side as well as 
on the face of the wheel. CAUTION: Always 
wear safety glasses or face shield when you are 
using the grinding wheel 

6-6. Base. The base, which is the lower por- 
tion of the contour machine, contains the lower 
or drive, wheel, the motor, and the transmission.' 
nie transmission has two speed ranges. The low 
range gives speeds from 50 fpm to 375 fpm. The 
high range gives speeds from 200 fpm to 1500 
ipm. A shift lever on ±j bac/. of the column can 
be placed in the fflGH, LOW, or NEUTRAL 
position. You use the NEUTRAL position when 
you are tracking saw and file bands manuaUy on 
the guide wheel and when the machine is not in 
use. LOW IS recommended for all speeds under 
275 fpm. To shift from cne range to the other, 
you must always reduce the speed to 50 fpm 
or less. The shift lever remains locked until the 
speed has been reduced. 
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B. 

C. 
D. 

E. 

F. 
G. 



H«ad 

Column 

Spe«d indicatcr 
Butt w«ld«r 
Grind«r 
Shift Uv^r 
Sp««H chang* 
handwha«l 
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H. Variabb ip««d unit 

I. Driv* motor 
J. Air pump 
K. Chip box 

L Bai* 

M. Pow«r f««a foot p«dal 

H Pow«r f«*d weight 



O. Pow«r f< «d odjuitmAnr 

handv/h««l 
P. Orivo wh««| 
Q. Iqw«" wh««l door 
R. G«ar tranimiition 
S. Chip bciffi* 
T. Graduated plat«i 

for tabi* tilt 



U. TabU 

V. Upp^r law guid«s 
H. Saw band 
X. Poit 
Y. Air {•t 
Z. TabU lamp 
AA. Band t«oiion 
handwh«cl 



Figure 62. Contour machine. 
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BB. f^agnifi«r outUt 
CC. Door latch 
00. Driv* n otor twitch 
E£. Upp^r deer 
FF. Job flf^dor 
GO. Upptr saw whtti 
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6-7. Variable speed unit, '^ht variable speed 
imit is located within the base of the machine. 
This unit consists of two V-type pulleys which 
•4re mounted on a common bearing tube. The 
two outside cones of the pulleys are fixed, but 
you can shift the middle cone by turning the 
speed change hand wheel. When you shift the 
middle cone, you cause the diameter of one 
pulley to increase and the diameter of the other 
pulley to decrease. This slowly changes the ratio 
between the two pulleys and permits you to 
gradually increase or decrease the speed of the 
machine. The variable speed unit is connected 
to a transmission which has high and low speed 
ranges. You can obtain a greater number of 
speeds by shifting the transmission gears and 
the inner cone of the variable speed unit. 

6- 8. Before operating the machine, you should 
thoroughly understand its operating features. 
Make sure that you are familiar with all the con- 
trols and their functions. A thorough knowledge 
of the machine is required to avoid damaging it 
or injuring yourself. For personal safety, certain 
rules must be followed. You should ne\er wear 
watches or rings. Your sleeves should be rolled 
up and eye protective devices should be worn. 
Personal safety hazards and precautions will be 
explained as various machining operations are 
covered. 

6 }. Operation. To operate a contour machine, 
you should first insure that the transmission shift 
lever is in NEUTRAL. Only then should you 
start the drive motor and shift the transmission 
lever to the desired position. CAUTION: Never 
attempt to shift the transmission selection lever 
except at the very lowest speed in the range being 
used (50 fpm or less). Turn the speed-chan^^e 
handwheel clockwise until the desired speed ii^ 
indicated on the speed indicator. Never turn the 
speed-change handwheel unless the motor is on 
and the transmission is engaged. When you stop 
the machine, .uce the speed as low as pos- 
sible and shi.. the transmission lever to neutral. 
Then turn the motor off. 

7. Saw, File, and Polishing Bnnds 

7- 1. The contour machine is primarily a metal- 
cutting handsaw. You can also file and polish 
with it. For sawing, the work is fed against the 
saw band; for filing and polishing, it is held 
against the file band or polishing band. 

7-2. Saw Bands. There is a "best" saw band 
for every sawing job. You must know the various 
features of a saw band and the types that are 
available in order to select the proper saw band 
for a given job. After selecting the correct saw 
band, you must weld it properly to obtain good 
service from it. 
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7-3. Saw terms. You must be thoroughly fa- 
miliar with saw band terms in order to select the 
cc;rect saw band. Figure 63 illustrates some of 
the common terms. We will briefly review some 
important saw band terms: 

a. Type. The lype is indicated by the name 
of the saw band; it refers to the shape and 
spacing of the saw teeth. 

b. Teeth. The teeth are the cutting portions 
of the saw band, 

c. Gullet. The throat or opening between 
teeth is the gullet. It provides a chip clearance 
and helps remove the chips from the cut. 

d. Width. The width is the measurement of 
the band from tooth tip to the back edge of 
the band. 

e. Gage. The thickness of the band back is 
the gage. (For saws up to Vi inch wide, the gage 
Ls usually 0.025 inch. ) 

/. Pitch. The pitch is the number of teeth per 
inch. 

g. Set. The set is the amoust of bend given 
the teeth. The set makes it possible for a saw 
to cut a kerf or slot v/ider than tne thickness 
of the band back (gage), thus providing side 
clearance. 

h. Set pait^m. This is the pattern of the teeth, 
depending upon the manner in which the teeth 
are set. There are three set patterns: (1) raker, 
(2) wave, and (3) straight, as shovm in figure 
64. 

Temper. Temper refers to the hardness of 
the teeth and the band. Manufacturers provide 
different types of bands to meet various sawing 
requirements. Each type of band has a temper 
peculiar to that type. The job selectors on the 
eariier contour machines recommended different 
tempers for various metals and materials. The 
present practice is to recommend a particular 
type of saw ban^' ^or a given metal or material. 

/. Kerf. The Kerf is the slot produced by the 
saw band. The kerf width depends upon the 
rate of fee ' and the saw pitch, in addition to the 
amount of et. Since the kerf consists of a seiies 
of grooves, the distance between the grooves 
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Figure 63. Saw band terms. 



28 



289 



varies with the pitch and rate of feed. As the 
distance between the grooves increases, the peaks 
become higher. The result is a narrower slot or 
kerf. The corners of the saw teeth cut a groove 
equal to the measurement over the set, but the 
kerf width is the distance between the peaks, 
a« shown in figure 65. 

7-4. Types. Several types of saw bands with 
different tempers and differently shaped teeth are 
made by \arious manufacturers. Figure 66 will 
help you recognize some of the common shapes 
of saw band ♦eeth. Give special attention to the 
shape and spacing of the saw teeth, since they 
will help you to identify the various types 

7-5. Selection. The following factors should be 
taken into consideration when you determine the 
saw band to use: 

a. At least two teeth should be in contact with 
the work at all times. 

b. Thicker material requires fewer teeth per 
inch. This varies, however, with the type of ma- 
terial and saw speed. 

c. Always use the widest and thickest saw pos- 
sible. However, take into consideration the curva- 



ture of the cut since, as shown in figure 67, you 
cannot saw sharp curves with wide saw bands. 

d. Use the raker set pattern for general sawing 
of most shapes. 

e. Use the wave set pattern where thin work 
sections are encountered during the cut, such as 
tubing, angles, channels, etc. Use it also for tough 
materials, such as aluminum, bronze, and work- 
hardened stainless steel. The wave set is designed 
so that the band "dances" through the kerf to 
shake off the chip and minimize chip welding 

/. The finish depends largely on the saw pitch. 
The faster the saw speed and the finer the saw 
pitch, the finer the finish. Lubricating helps to 
improve the finish. A fine saw pitch, high velocity, 
and light feed produce the finest finish. 

g. Too fine a saw pitch for the work thickness 
causes a loading action in the gullets of thv .aw 
teeth. A lubricant will help correct this, but it is 
best to use the coarsest pitch that will give the 
finish desired. 

h. For materials that are tough and stringy, 
such as brass, copper, and wrought iron, it is 
best to use coarse-tooth bands. Fine-tooth bands 
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Figure 64. Set patterns 
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Figure 65 Saw kerf. 



are better for harder, less stringy materials and 
steel. 

/. The set prevents the band from binding. 
It provides a clearance which makes radius cutting 
possible. It is the difference between the set of the 
saw and the gage that enables the band to turn 
in a cut, as shown in figure 67. The amount of 
set determines the width of the kerf and the 



amount of material removed by the band. The 
narrower the kerf, the less feed pressure and the 
less power will be required for sawing. 

/. When you cut irregular shapes you must 
consider the set. The wider the set, the wider the 
kerf and the easier it is to saw iriegular shapes, 
since the band has more clearance in which to be 
turned. 
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Figure 66. Shapes of saw band teeth. 
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Figure 67 Effect of set when sawing radn 

k For very gummy materials, a coarse-tooth 
hand should be used. 

/. The recommended pitch for various types 
of material is given below 

Pitch Material 

8 Large solid sections over 2 inches 

thick 
10 Son metals. 

i 2 Medium solid sections, V2 to 2 inches 
thick, and hard steels. 

14 Heavy gage structural and general- 
purpose cutting. 

18 Light sections, ^{f, to V2 inch thick, 
light structurals, and medium gage 
sheets and tubing. 

22 Very light sections. 

24 Very light structurals, and thin gage 
sheets and tubing. 

32 Very thin sheets and tubing. 

Chart Z describes some of the various types of 
saw bands and their recommended uses. 

7-6. Welding. Saw bands are usually received 
in the shop in 100-foot long strips. They must be 
cut to the required length, and the ends must be 
welded together to form an endless loop. The 
length required for a particular saw may be found 
in the instruction manual or in the technical order 
for the machine. It is sometimes given on a data 
plate that is mounted on the machine column. 

7-7. The butt welder, which is buOt into the 
column of the machine, is used to weld new 
bands and to rejoin bands that have been broken. 
The butt welder panel assembly, shown in fig- 
ure 68, shows the general arrangement of ti\e 
panel as viewed by the operator. A 15-watt lamp 
is housed at the top of the panel. On either side 
of the panel, you will note two oil fillers. The 
spring cap oil fillers are connected by means of 
copper tubing to the sleeve bearings of he 
grinder motor. Below the oilers is the tension 
control dial or weld selector, which regulates the 



tension of the movable jaw for each width of 
saw you are welding. This dial is mechanical and 
enables you to control the force with which the 
movable jaw moves toward the stationary jaw 
Wider saws require greater force than smaller 
ones. Too much force on small saw bands will 
cause the ends to overlap. To the right of the 
tension control is the line voltage regulator switch. 
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Figure 68. Butt welder. 
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Chart 2 
Saw Bands Descriptions and Uses 



TYPE OF SAW 
(NAME) 


DESIGNED FOR 
CUTTING 


CHARACTERISTICS 


TOOTH 
PATTERN 


WIDTHS 


PITCH 


THICK- 
NESS 


SEl 


TOOTH 
SHAPE 


HARDNESS 
ROCKWELL 
"C" 


PRECISION 
SAW BANDS 
The most used 
saw in machine 
shops 


Ferrous & non- 
ferrous metals, 
some plastics 
and wood 


Made for fine piecision 
cutting 


Raker 
& 

Wave 


10 Standard 
1/16" to 1" 


6 to 32 


.025" 
.032" 
.035'' 


.038" 
to 
.063" 


Raker 
Angle 


60 to 65 


BUTTRESS 

SAW :;ands 


Heavy thick fer- 
rous metals , 
wood, plastics 
and non-ferrous 
metals 


For fast cutting. Teeth 
retain cutting edg*:. longer, 
large chip clearaice, 
small sb&rp teetli. 
Greater tensile strength 
and longer flex life 


Raker 
only 


10 Standard 


2 to 6 


.025" 
to 

.035" 


.042" 
to 
.062" 


No 

Rake 
Angle 


^0 to 65 


CUT-OFF 
SAW BANDS 


Steel, brass, 
aluminum, cop- 
per, and 
manganese 


For rapid & accurate pro- 
duction cutting. Use of 
a lubricant gives a better 
finish 


Raker & 
Wave . 
Wave in 
welded 
lengths 
only 


4 Standard 


6 to 24 


.025" 
to 

.035" 


.042" 

to 
.063" 


Rake 
Angle 




FRTrXTOW 
SAW BANDS 


rciruua types 
of steels; also 
will cut 
hardened tool 
steel 


Must be used on high- 
speed machines at about 
15000 fpm 




1/2" to 1" 


10 to 14 


.032" 
to 

.035" 


.054" 
to 
.058" 






SPPING TEMPER 
SAW BANDS 


Light metals & 
non-fei rous 
metals in 
foundry work 


Long flex life. Can be 
resharpened and reset. 


Straight 


3/16" to 2" 


2 to 6 


.020" 
to 

n/.o" 




10** Pos- 
itive 
Rake 
Angle 


38 to 44 


SCALLOP EDGE 
SAW BANDS 


Soft & tibrous 
materials . Felt, 
paper, cloth, 
cork and rubber 


Separates material. Does 
not produce a chip. Has 
a slicing action. Fur- 
nished in welded bands. 




1/4", 1/2" 
and 3/4" 




.015' 
.020" 
.028" 
.037" 






1 i 
52 


KNIFE EDGE 
SAW BANDS 


Soft fibrous 
materials 


Double bevel and single 
bevel. Furnished in 
welded bands 


No 

teeth 


1/4", 1/2" 
3/4" & 1" 












CLAW TOOTH 
SAW BANDS 


Light metals 
and alloy metals 
wood, plastic 
and steel 


Produces chips more 
freely , teeth are super 
hard 




7 Standard 
1/4" to 
1-1/2" 


2 to 6 


.025" 
to 

.035" 


.042" 

to 
.065" 


Positive 

Rake 

Angle 


60 to 65 
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The line voltage regulator compensates for volt- 
age variation in the electrical power supply. The 
voltage regulator permits the proper amount of 
heat to be generated at the weld by controlling 
the current flow between the saw clamps. You 
use a screwdriver to change the voltage regulator 
setting. Move the index point on the regulator 
switch toward the "MORE" position to increase 
the heat. Move it toward the "LESS" position to 
decrease the heat. The line voltage regulator 
seldom needs to be reset if the current supply 
remains fairly constant. 

7-8. Directly below the line voltage regulator 
sv/itch is the welder operating lever. The op- 
erating lever turns the current on and moves The 
movable clamping jaw toward the stationary 
clamping jaw. The movable jaw travels approxi- 
mately 0.040 inch, forcing the molten ends of the 
saw band together and welding them into a solid 
unit. The clamping jaws hold the ends of the 
saw band during the weiding operation and the 
welded portion of the saw band during the an- 
nealing operation. 

7-9. The annealing switch button, which is 
usually red, is located below the clamping jaws. 
You hold this spring-loaded button in the de- 
pressed position to heat the weld to the annealing 
temperature. 

7-10. You use the grinding wheel on the 
welder to . quare the ends of the saw band before 
welding them together and to remove the excess 
metal from the weld after the welding so that its 
thickness is no greater than that of the rest of the 
band. The weld must be ground flush with the 
saw band. A gage located above the grinding 
wheel is used to check the saw band thickness. 
The portion of the saw band behind the saw- 
teeth will pass freely through the gage when the 
weld is correctly ground. CAUTION: Always 
wear eye protection in using tnis grinder. 

7-11. To weld a saw band, first cut off the 
band to the required length and follow this pro- 
cedure: 

a. Always cut the band from the back toward 
the teeth. Grind the ends of the band square 
against the side the grinding wheel. Then, 
insert the ends of the band into the jaws of the 
butt welder with the teeth pointed toward you 
and clamp them in this position by turning the 
thumb screws. Set the tension control switch for 
the width of band and the line voltage regulator 
for the required welding heat. After placing the 
flashguard down, depress the operating lever to 
complete the weld and hold it down until the 
weld has cooled. BEFORE releasing the op- 
erating lever, loosen the stationary jaw thumb- 
screw and then release the band from the mov- 
able jaws. Move the band forward (toward the 
operrtor) to the wide gap annealing position. Rc- 



clamp the band just behind the saw teeth, with 
the newly welded joint centered between the 
jaws. Now press the annealing switch button until 
the welded area becomes a dull cherry red. 

6. Turn off th ? welding panel light so that the 
correct annealing heat ca». be observed. Cool the 
annealed portion gradually by pressing the an- 
nealing button several times during the cooling 
period. After it has cooled enough to be safely 
handled, remove the band from the jaws anc 
grind the excess weld off both sides of the band. 
Grind until the weldeu joint is the same thickness 
as tl.e band. Use the gage directly above the 
grinding wheel to check for correct thickness. 

c. Do not grind the teeth. 

7-12. Storage, Generally, storing saw bands 
and bulk saw material is not a problem, since 
each contour machine usually has a storage cabi- 
net. These cabinets contain bins to store saw 
bands, space for accessories, and a place to hang 
file and polishing hz.As, Bulk saw bands are usu- 
ally shipped to Air Fore;; shops in 100-foot 
lengths in special containers, which are stored in 
the cabinet. A container has a slot from which 
you may pull out and cut off any desired length 
of band. After you have welded the band into a 
loop, you can coil it into smaller loops for stor- 
age in the cabinet. Tie the loops together with 
string or wire to prevent them from uncoiling. In 
coiling a band for storage, be careful not to kink 
or bend it. Kinked and bent bands do not pro- 
duce good results. CAUTION: Be careful not to 
cut or scratch your hands when you fold or un- 
fold saw bands, 

7-13. When you finish sawing with a particu- 
lar saw band, you should remove, coil, and store 
it in the storage cabinet. Saw bands may be 
coiled by using several methods, but we will dis- 
cuss only one. Hold the band in one hand with 
the other end of the loop just touching the floor. 
Then place your fjot on the portion of the band 
in contact with the floor just hard enough to pre- 
vent the band from moving. At the same time, 
twist the band by rotating your wrist IVi to 2 
times while lowering your arm. The band will 
automatically coil itself, generally into 3 loops. 

7-14. Cutting action. The saw band passes 
over the upper saw wheel and below the drive 
wheel, as shown in figure 62. Guides are pio- 
vided to guide and support the saw band above 
and below the section where the cutting action 
occurs. Tht saw guide block assembly consists 
of a cast iron guide block and hardened steel in- 
serts, as shown in figure 69. 

7-15. Guide blocks. The upper guide block 
has two screw holes and is mounted on the saw 
post. The lower guide block has one screw hole 
and one alining pin and is mounted on a keeper 
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Figure 69 Guide block and inserts 

block below the saw table. The saw guide inserts 
are mounted in grooves machined in the guide 
block. Two thrust rollers, one on the upper guide 
block and another on the lower guide block, pre- 
vent the saw band from springing under the pres- 
sure of the cut. 

7-16. Guide inserts. The saw guide inserts are 
made of hardened tool steel and are available 
for every size of saw band. The size of the in- 
serts must correspond to the size of the saw band. 
When the ends of die inserts become worn, they 
can be reground to an angle of 45"". 

7-17. To mount saw guide inserts m the guide 
block, first mount the left-hand insert in the block 
by usi».g an insert gage, as shown n figure 70, 
to position the insert. Then, use an insert gage 
as a thickness gage and position the right-hand 
insert, as shown in figure 71. Finally, mount the 
upper guide block on the saw post and the lower 
guide block on the keeper block, as shown in fig- 
ure 72. 




POSITION OF Gage for 

LOCATING FIRST INSERT 



Figure 70 Installing left insert 



7-18. Positioning. When you place the saw 
band over the upper sheel and below the drive 
wheel, it should aline directly in the slots between 
the saw guide inserts. Tilting the upper wheel (fig. 
73 A) causes the band to "track" or move into 
the desired location. Tilt the upper wheel by 
means of the tilt screw, as shown in figure 73G, 
until the back of the saw band just touches the 
thrust roller. Then, lock the wheel in place with 
the tilt locknut (fig. 73F), which is the large 
diameter nut that encircles the smaller sized tilt 
screw. 

7~i9. Tension. \ou adjust the tension of the 
saw band by raising or lowering the upper wheel 
by means of the handwheel, shown in figure 73J. 
The saw band must be kept tight to prevent it 
from twisting and to keep it sawing straight. A 
new saw band will stretch slightly after use and 
must be readjusted for the proper tension. There 
is no hard-and-fast rule governing the tension 
adjustment. You must rely on your experience to 
guide you. Generally speaking, it is better to have 
the band too tight than too loose. NOTE: Over- 
tightening the saw band can cause it to break or 
cause excessive wear on the wheel tires. Extra 
care should be used when you adjust the tension 
of bands less than y,,. inch is width. 

7-20. Mounting. The first step in mounting a 
saw band is installing the proper size inserts on 
the upper and lower guide blocks, as shown in 
figures 70 and 71. Open the upper and lower 
wheel access doors, remove the filler bar from the 
table slot, and mount the upper and lower guide 
blocks, as shown in figure 72. Place the right- 
hand portion of the saw band in the table slot 
and position the saw band over the upper wheel 
and below the drive wheel. Set the tension by 
using the handwheel, shown in figure 73, just 
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Figure 71. Installing right insert. 
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Figure 72. Mounting saw guides 



tight enough to keep the band on ihe >vheels. 
Then, check to insure that the saw band is posi- 
tioned between both the upper and lower sets of 
inserts. After loosening the tilt locknut, rotate 
the upper wheel by hand and use the tilt screw 
to tUt the upper wheel until the back edge of the 
saw band contacts the thrust roller on the guide 
block. The moving band should cause the roller 
to turn, but light finger pressure should stop the 
roller from turning. NOTE: The transmission 
should be in NEUTRAL so that the wheels can 
be turned by hand. Once the band is tracking 
(moving between the inserts and rotating the 
thrust roller) correctly, lock the tilting wheel 
by means of the tilt locknut. Adjust the tension 
of the saw band, replace the filler bar in the 
table, and close the upper and lower doors. The 
machine is now ready for sawing. 

7-21. FUe Bands. Three widths of file bands 
are available: V4 inch, % inch, and V4 inch. 
Use the widest file band that w^ll fit the con- 
tour of the work. A wide file band has a longer 
life than a narrow one, and the time required for 
filing is shorter. File bands are available in flat, 
oval, and half-round shapes. The shape of the 
work determines the shape of the file band to be 
used. File bands are available in a variety of cuts 
and pitches. Chart 3 shows some of the various 
types of file bands and the proper file bands to 
use for various metals. 
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Figure 73. Tilting wheel. 
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Chart 3 

Types of File Bands and Their Uses 



1/2 



WIDE OVAL AND FLAT 



USES 




• J Fla{ SHORT ANGLE 
Coarse Cut 10 Teeth 

For cuttins aluminum, 
brass, cast iron, copper, 
zinc 



U" Oval SHORT ANGLE 
Coarse Cut 10 Teeth 

For cutting aluminum, 
brass, cast iron, copper, 
zinc 



0\al BASTARU 

Medium Coarse Cut 
U Teeth 

For seneral use on steel 



^" Flat BASTARD 

Medium Coarse Cut 
14 Teeth 

For Senegal use on stcpl 



^" Oval SHORT ANGLE 
Coarse Cut iO Teeth 
For cuttlnr aluminum, 
brass, cast iron, copper. 
vine 



%" Oval BASTARD 
Medium Coarse Cut 
U Teetu 

For i^eneral use on mild 
steel 



i;" Half Round SHORT 
AT^GLE 

Coarse Cut 10 Teeth 
For cuttinc aluminum, 
brass, cast Iron, copper, 
zinc 



V Half Round BASTARD 
Medium Coarse Cut 
16 Teeth 

For reneral use on mild 
steel 



'>K ' Flat SHORT ANGLE 
Coarse Cut 10 Teeth 
For cuttine aluminum, 
brass, cast iron, copper, 
zinr 



%»* Flat BASTARD 
Coarse Cut 12 Teeth 
For ccnol use on cast 
Iron and non-ferrous 
me tall 



Flat BASTARD 
Medium Coarse Cut 
16 Teeth 

For general use on tool 
steel 



% Flat bast;>rd 
Medium Cut 20 Teeth 
For medium finish on tool 
steel 



1/4 WIDE OVAL AND FLAT 



O O 




Oval BASTARD 
Medium Cut 24 Teeth 
For ceneral use on tool 
steel 



o o 



V4'* Flat BASTARD 

Medium Cut 20 Te«th 
For ceneral use on tool 
stpel 
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7-22. A file band consists of a number of in- 
terlocking 3-inch file segments that arc fastened to 
a spring steel band. The segments are fastened to 
the band at one end. This allows the band to 
bend as it passes around the upper and lower 
saw wheels and thus permits the segments to be 
locked solidly by the pressure of the work, as 
shown in figure 74. To connect the ends of the 
file band, place the keyhole-shaped hole m the 
metal strip over the head of the shoulder rivet 
in the gate segment, as shown in figure 74. Pull 
the narrow portion of the hole below the rivet 
head as you position the second hole over the 
dowel rivet. The gate segment, as shown in figure 
75, is painted yellow to help you locate it when 
you are disconnecting it. CAUTION: BE SURE 
THAT THE FILE BAND HASNT BEEN IN- 
STALLED UPSIDE DOWN. 

7-23. The segments are fastened to the spnng 
steel back with two rivets at the leading end of 
the segment, as shown in figures 74 and 76. A 
chip removal bridge is located between each file 
segment and the spring steel band. When the 
band bends, the bridge lifts the loose or trailing 
end of the segment ahead of it and helps to re- 
move chips. 

7-24. You can easily replace damaged or 
broken file segments. The rivets which fasten the 
new segment to the spring steel band should be 
the same diameter as the holes in the band. Rivets 
that are too small will allow the segment to work 
loose during filing, and they may possibly damage 
the file band. The diameters of the standard sized 
rivets are 0.060 inch, 0.070 inch, and 0.075 inch. 
Figure 76 shows the location and types of rivets 
which are used to fasten a gate and a standard 
segment to the spring steel band. The method 
which is used ,o repair a broken file band is 
shown in figiue 77. 

7-25. You should handle file bands with care 
to prevent kinking the spring steel band. A kink 
prevents the segments at the location of the kink 
from interlocking, causing rough, uneven filing. 
When you carry a file band, hold it with both 
hands and form a loop with no less than a 16- 
inch radius at the top. Support the file band with 
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Fiyjrc 74. File band segments. 
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Figure 75. File band gat- segment. 

your left arm, as shown in figure 78, when you 
join the file band in the machine. You can some- 
times straighten out a kink by removing the 
kinked file segment or segments and by bend- 
ing the band back into shape by hand or tapping 
it lightly with a hammer. 

7-26. The file band is supported at the point 
of contact with the work by a file guide, which 
should be the same width as the file band. You 
mount the file guide on the guide post and sup- 
port it at the lower end by the file guide sup- 
port. The file guide support is mounted on the 
keeper block, as shown in figure 79. The file 
guide is designed to fit all three sizes of file 
guides (14 inch, % inch, and inch). Be sure 
to use the correct slot in the file guide support, 
as the file guide will not aline properly in the 
wrong slot. 
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Figure 76. File band construction 
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STEP I REMOVE RIVETS AND SEGMENTS ADJOINING BREAK 



REMOVE THESE SIX RIVETS 



BROKEN BAND 



STEP II TRIM BROKEN STEEL BAND AS SHOWN 

SECTION OF BAND, 



r *-] \ REMOVED / r*" 3/16 

— \r-^ — ^1 



X — — 

^ TRIWMED ENDS 



STEP III FIT SPLICE PART INTO PLACE AND RIVET 
SEGMENTS TO SPLICED SECTION 



ORIGINAL BAND 



SPACER J 
ySPLlCED SECTION / 




^ORIGNAl BAND 
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Figure 77 File band repair 




FILE ADAPTER PLATE | 



Figure 78. Connecting a file band 



7-27. Polishing Bands. The standard polishing 
bands are 1 inch wide and are available in the 
following grit sizes: 

Application Grit 

Grinding 50 
Polishing, coarse 80 
Polishing, fine 150 

Polishing bands are in the form of a loop when 
they are received in the shop. You mount and 
track a polishing band in a manner similar to 
that used in mounting and tracking a saw or file 
band. Mount the polishing band guide on the 
guidepost and fasten the polishing guide support 
to the keeper block, as shown in figure 80. To 
prevent tearing, the polishing band must be 
mounted on the two wheels in a definite manner. 
There is an arrow mark on the back side of each 
band. When you place the band over the wheels 
properly, the arrow points in the direction in 
which the band travels. Proper mounting prevents 
the ends of the band, which are overlapped and 
glued, from separating. Too much work pressure 
will cause the edges of the band to fray. Remove 
any frayed edges immediately to prevent the band 
from tearing and possibly injuring you. 

7-28. The recommended speeds for polishing 
are somewhat higher than the speed range of 
most contour machines. The polishing speed de- 
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G. Fit* guid« support 

H. Support screw 

I. Trunnion cradl« 

J. Trunnion k«ep€r block 

K. Chonnel for V4" guide 



A. File guid« 

B. Sow post 

C. File guide screw 
0. Table 
E. Filier plate 
F Channel for \V guide 

Figure 79 File guide assembly 

pends upon the grit size of the polishing band. 
The coarser the gnt, the slower the surface foot 
speed of the band should be. The speed for 
polishing various metals can be found in operating 
manuals or in machinists* publications, such as the 
Machinery s Handbook. 

7-29, Tension for polishing bands should be 
just "snug" enough to eliminate slippage. Too 
much tension will stretch and possibly tear a band. 
The guide support, which acts a^; a backing for 
the polishing band when work is being polished, 
should be supported at the lower end. The lower 




A. Saw post 

B. Polishing guide screw 

C. Table 

D. Poliihirn band guide 

E. Filler plate 



F. Support screw 

G. Polishing guide support 

H. Trunnion cradle 

I. Trunnion keeper block 



Figure 80 Polishing band guide 

end of the band polishing guide does not, how- 
ever, get any support from the guide support un- 
til the post is lowered to a position of 4 inches 
or less, as marked on the guidepost. 
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CHAPTER 4 



Sawing, Filing, and Polishing Operations 



You MAY THINK that sawing, filing, and 
polishing on a contour machine are simple 
tasks. Sometimes they are. There are times, how- 
ever, when these operations require exacting 
machine and work setups. The accuracy of the 
work is strictly dependent on the knowledge and 
skill of the operator. 

The first section of this chapter covers straight 
and contour sawing, filing, and polishing. In the 
final section, we will discuss the attachments that 
can enable you to do more accurate work. Some 
of these attachments increase the capacity of the 
contour machine and make it possible to perform 
certain operations more easily. 

8. otraighf and Contour Sawing, 
Filing, and Polishing 

8-1. Most straight and contour sawmg, filing, 
and polishing operations are performed to lay- 
out lines. The accuracy of the layout governs the 
accuracy of the completed work. You saw work 
to produce the general shape and size of the 
part. Filing and polishing are primarily finishing 
operations. 

8-2. Straight Sawing. In straight sawing, the 
saw band presents a continuous flow of teeth to 
the work. You select the op-^rating speed with 
the job selector dial, which is mounted on the 
upper door, as showu in figure 81. This dial gives 
the correct saw and file band to be used for 55 
ba'^ic materials, along with their correct operating 
speeds. 

8-3. The speed of a saw is expressed in feet 
per minute, or the number of feet of saw band 
that passes the work in I minute. The cutting 
speed that you select depends upon the type and 
thickness of the material that you are sawing. 
The job selector dial consists of a large diameter 
lower disc and a slightly smaller diameter upper 
disc. Various materials and thicknesses of ma- 
terials are printed on the outer face of the large 
disc along the rim. Rotate the disc by hand to 
aline the desired type of material above the verti- 
cal line of holeo in the upper disc, as shown in 
figure 81. The correct saw speed, type of saw, 
file speed, etc., are shown in the holes in the 
upper disc. 



8-4. For straight sawii g you should use the 
A^idest available saw band of the proper pitch. 
This will help keep the band from twisting and 
make the cut straighier. Thinner bands are re- 
quired for contour sawing. This prevents the band 
from rubbing on the sides of the cut. When a 
sawed finish is desired, the kerf should just split 
the layout line on the waste side of the metal, as 
shown in figure 82A. If a filed finish is desired, 
approximately 1^^^ inch snould be allowed on the 
waste side of the layout line, as shown in figure 
82B. If a corner reqi" ^« a small radius, the 
proper size of drill to give this radius should be 
used, as shown in figure 83. In order to cut a 
sharp or square comer, the comer may be cut 
to a drilled hole first and then the radius of the 
corner notched out with the saw, as in figure 
84A. Square turns may also be made without 
drilling. This is done by notching a space with 
the saw, as in figure 84B. The saw can the^ be 
turned on this notch and a cut can be made in 
another direction. 

8-5. In straight sawing, you should maintain a 
constant pressure against the work. Permitting the 
saw to ride without cutting dulls the saw teeth 
and can work harden the metal. Use a wooden 
push stick t^- :ipply pressure to the work to avoid 
injury to your hands. Injury to the eyes from 
flying chips can be eliminated by always wearing 
eye protection. Saw band breakage during sawing 
is not common, but if it should occur, stand clear 
of the machine, press the stop swtich, and let 
the wheels coast to a stop. 

8-6. To set up the contour machine for 
straight sawing, remove the filler plate from the 
table slots. Mount the saw guides and the correct 
inserts. Lower the upper wheel so that the saw 
band fits over both wheels. Place the saw band 
on the center of the wheels and adjust the ten- 
sion to take up the slack. Track the saw for cor- 
rect alignment. NOTE: Place the transmission in 
neutral and turn the upper whed oy hand. Re- 
adjust the saw band for the corucrt tension. Re- 
place the filler plate. Adjust the uppt saw guides 
to within Va inch of the work s^miace. Consult 
the job selector for the correct saw velocity. 
Press the drive motor starting switch and en- 
gage the transmission Engage the shift lever 
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Figure 82 Location of saw kerf. 
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Figure 83. Drilled corner hole. 

and turn the speed change handwheel until the 
indicator shows the correct speed. Perform the 
sawing operation. When it is completed, slow the 
speed to about 50 fpm. Now stop the machine, 
and check the work for accuracy. 

8-7. Contour Sawing. Contour sawing is sawing 
to a layout line of a definite radius or irregular 
contour. The size of the smallest radius to be 
cut and the thickness of the material must be 
considered in selecting the saw band. As the size 
of the radius deci eases ♦he width of the saw must 
be decreased to cut tnc curvature. You should 
use the widest saw band possible that will allow 
the contour to be cut. The saw band pitch and 
set must be suited to the thickness and kind of 
material to be cawed. Figure 85 shows the proper 
width of saw for various radii. This information 
is also given on the job selector dial. 



BY CAREFUL HANDLING THESE 
SAWS WILL CUT CONSIDERABLY 
SMALLER RADII THAN SHOWN 
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Figure 85. Saw selection for various radii. 

8-8. When work is layed out, apply a thin 
coat of layout compoimd so that the scribed 
lines are visible and easy to follow. Work that is 
to be machined to a close tolerance should be 
scribed once to maintain a sharp layout line. 
Double lines, caused by scribing over a line, 
should be avoided. Prick pimching the layout 
lines will ofteu aid you in case the lines become 
rubbed off. Now, drill holes for sharp corners. 
Select the proper saw band and set up the ma- 
chiiie for sawing. Determine the correct sawing 
speed. Saw the radii to specifications. NOTE: // 
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Figure 84. Notching square corners. 
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a smooth finish is necessary, allow about %4 inch 
of stock on the waste side of the layout line for 
filing and polishing, 

8-9. Set the machine for ^he recommended 
speed and saw the work. Remember, the edge of 
the saw kerf should split the layout line when a 
sawed finish is permissible, as in figure 82A. It 
should be approximately Y^^ inch from the line if 
the work is to be filed, as shown in figure 82B. 
Maintain constant pressure in sawing, using a 
pusher block. Be sure that the kerf is on the 
waste or scrap side of the layout line! Position 
the blower nozzle to blow the chips off the lay- 
out line and away from you. 

8-10. Straight and Contour Filing and Poi sh- 
ing. The contour machine may be used to fi!e 
surfaces requiring a better finish than you ;au 
obtain by sawing. It may also be used for polish- 
ing when the file finish is not smooth enough end 
when more accurate dimensions are required. A 
fUe or polishing band is set up in much the same 
manner as for sawing. There is a continuous filing 
or polishing action. 

8-11. Filing, Before filing work on a contour 
machine, saw the work, leaving approximately 
inch for filing. Place the transmission in 
neuoai P.emove the saw band and determine 
which file band you are going to use. Install the 
file band guide and support. Then movt a file 
band (oval or half round, if concave surfaces are 
to be filed) and adjust it to a snug, but NOT 
tight, fit. Position the file band so that it tracks 
properly, and install the file adapter plate. Do not 
install the file band upside down, because doing 
so could ruin it and cause damage to the tires 
on the wheels and to the work. Determine the 
correct filing speed with the job sclc ,tor dial. 
Turn the motor on and set the correct speed. 
File all concave surfaces first, then remove the 
file band and leplace it with a flat file band. Use 
this band to file all straight and convex surfaces. 

8-12. Use a light pressure when you file the 
work. Too much pressure will cause the file teeth 
to clog with chips. Move the work slowly from 
side to side. This will produce vertical filemarks 
on the filed surface, which is desirable. If you 
move the work too rapidly, the file marks will 
be diagonal. A file adapter plate, shown in 
figure 78, can be used in place of the standard 
filler plate. Position the file adapter phtc close 
to the file band to eliminate a gap in which small 
pieces of work could wedge. Use a push block 
whenever possible while you arc filing. CAU- 
TION: KEEP YOUR FINGERS AWAY FROM 
THE FILE BAND. FILE BANDS CAN PULL 
FINGERNAILS OUT! 

8-13. Polishing, Polishing is anotlier opera- 
tion that you can perform on the contour ma- 
chine. A narrow band of abrasive cloth is used 



for polishing. The polishing band passes aroimd 
the upper and lower wheels. Press the work 
against the polishing band and polish it to the 
desired size and finish. In addition to polishing 
work, you mcy also use the polishing band to 
remove scale, oxides, burrs, and toohnarks. 

8- 14. In polishing work, you should first 
mount the polishing band guide support. Lower 
the post to the 4-inch mark, and moimt the 
Dolishing band guide on the post. Rub graphite 
powder on the guide to lubricate the band. Now, 
select a band with an abrasive of the proper grit 
size and mount it on the machine. Make sure 
that the arrow on the back of the band is point- 
ing in the direction in which the band will travel. 
Adjust the tension to "snug." With the machine 
transT^ission in neutral, turn the upper wheel by 
hand and ^rack the band. Insert the filler plate 
and start the machine. Operate it at the desired 
speed and proceed to polish the work as required. 

9. Internal Sawing, Filing, 
and Polishing 

9- 1. Internal sawing produces a contour in- 
side the boundaries of die external contour^ as 
illustrated in figr re 86. Fling and polishing are 
done on internal surfaces when greater accuracy 
and finishing are required. 

9-2. Internal Sawing. The first step in internal 
sawing is to drill a starting hole in the waste 
portion of the workpiece tar^gent layout line 
and drill any necessary comer holes, as shown in 
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Figure 86. Internal contour. 
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Figure 87. Sawing tangent to a starting hole 

figures 8o and 87. The starting hole must be 
slightly larger in diameter than the width of the 
saw band. The width of the saw band that you 
should use depends upon the size of the smallest 
radius to be sawed. Figure 85 illustrates the 
largest radii that you can normally saw with saw 
bands of various widths. Oieck the table to see 
if it is 90'' to the post. Mount the guide blocks 
with the proper inserts in them. Now, insert the 
saw band through the starting hole and weld it 
together. Make srje that the teeth of the saw 
band are pointing down when it passes through 
the hole. Place the work on the table, with the 
saw band in the table groove. Install the band on 
the wheels. Check to insure that the band is 
tracking properly. Then, insert the filler bar in the 
table groove. Turn the motor on and set the re- 
quired speed. Position the air nozzle and perform 
the sawing. When you have finished sawing, set 
the machine for its lowest speed. Place the trans- 
mission shirt lever in neutral and turn the motor 
off. Cut the saw band weld out and remove it. 
This keeps the number of welds on a band to a 
minimum. 

9-3. Internal Filing and Polishing. You do 

mtemal filing and polishing to finish internally 
sawed surfaces. File bands are made with a joint 
or gate segment, as previously explained. This 
allows threading the file band through a sawed 
hole and joining it i.ito a band. When polishing 
bands are used, they are threaded through a 
sawed he 'e and then glued together into a band. 
Internal polishing is limited to certain classes of 
large work. The width of the band and its guide 
will not allow polishing small and abrupt inside 
curves. 

9-4. The selection of file and polishing bands 
for internal surfaces is governed by the same 
factors that determine the filing and polishing of 
outside surfaces. You use the same speeds and 



procedures for internal filing and polishing as for 
outside operations. Some classes of internal filing 
and polishing operations require more manual 
skills and exacting procedures than for outside 
operations. This is because of the difficult hand- 
work and obscured vision. Chip buildup on the 
table and under the work presents a constant 
problem and can impair acc'iracy. 

10* Attachments and Special 
Sawing Operations 

10-1. The use of various attachments will en- 
able you to perform certain operations with 
greater ease and accuracy. We will cov^ r the com- 
mon attachments and some of the special sawing 
operations. 

10-2. Magnifying Attachment You use the 

magnifying attachment for precision sawing and 
filing to close tolerances. The magnifying attach- 
ment, shown in figure 88, consists of a 3-inch 
rectangular lens mounted in a flanged housing. 
The housing contains a light socket for a 15-watt 
lamp. The lens and light are supported on an 
arm which is secured to the post by means of a 
C-type clamp. The arm has universal joints which 
permit you to set the glass at any position for all 
machining operations. A special plug connector 
on ♦he extension cord connects with the outlet 
cap located on the front of the machine above 
the table light outlet. This outlet is fused for 1 
ampere. You should not use it for any other 
light extension when more than 15 watts are 
used. 




BULB INSIDE 
OF HOUSING 

MAGNIFYING 
LENS 
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10-3. Etching Fencil. You may use the etching 
pencil, shown in figure 89, to mark metal, such 
as tools, jigs, and fixtures. The attachment con- 
sists of two cables with a cork-insulated copper 
pencil fastened to the end of the longer cable. 
Clamp the strip of the etching pencil cable in the 
movable jaw of the b. 'ler. Insert the ground 
cable in the etching pcucil jack on the butt 
welder and clamp the terminal strip to the sta- 
tionary jaw. A fiber spacer, which acts as an in- 
sulator between the jaws, also prevents any move- 
ment of the jaws when the welding lever closes 
the circuit. Any movement of the movable jaw 
will break the circuit. Place the work to be etched 
on the grounded table. When you apply the etch- 
ing pencil to the work the circuit is closed, and 
the pencil bums a groove as you move it along 
the surface of the work. 

10-4. Power Feed Attachment. The power feed 
attachment, shown in figure 90, permits you to 
use both hands to guide the work. The power is 
provided by a weight on a beam. The location 
of the weight on the beam determines the rate 
of feed * 1 the pressure which is exerted on the 
saw band by the work. You vary the location 
cf the weight by turning the power feed hand- 
wheel, shown in figure 62. Turning the hand- 
wheel clockwise reduces the pressure and rate 
of feed. Turning it counterclockwise increases 




A. Pencil 

B. Etching ptncil jack 

C. Voltage selector switch 

D. Welding lever 



E. Ground coble 
Movoble jow 

G. Terminols 

H. Etching pencil coble 




FOOT LEVER 



Figure 89. Etching pencil. 



Figure 90. Power feed atiachmcirt. 

the rate of feed. When the handwheel is in the 
extreme counterclockwise position, the weight 
exerts a pressure or pull of 60 to 75 pounds. 
The pressure is transmitted to the work by means 
of a cable and chain, as shown in figure 90. 
Place the power feed chain around the work, as 
showHQ in figure 90. 

10-S. Angular Jaw Guides. Angular saw guides 
twist the saw band to a 30® angle to the right. 
This allows work to be sawed that would usually 
be too long to fit in the machine. In effect, 
angular saw guides increase the throat depth of 
ti:e machine. An example is sawing the bar, as 
shown in figure 91, The tension must be less 
than normal to permit the saw band to twist 
without causing the inserts to wear excessively. 

10-6. Rip Fence. You use the rip fence to cut 
stock so that the opposite sides are parallel. The 
fence must be set parallel to the table slot and 
located at the desired distance from the saw band. 
A rip fence may be irajrwised by clamping a 
metal bar to the table, as shown in figure 92. 
Accurate results can only be obtained if the saw 
is properly set up and a sharp saw band is used. 

10-7. Cutoff and Mhering Attachment You 
use the cutoff and mitering attachment, shown in 
figure 93, for cutting off and miter ing operations. 
Clamp or hold the stock to be sawed in position 
against the attachment. You can set the attach- 
ment at an angle with a protractor, using the 
table slot as a reference line. A gage rod can be 
extended from the attachment and used as a stop 
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Figure 91. Angular saw guides. 




Figure 93. Cutoff and mitering attachment. 

when identical lengths are sawed. The attach- 
ment is swung on the slide rod and aUowed to 
hang below the table top when it is not in use. 

10-8. Ail-Purpose IVfitering Attachment. Yoa 
can perform three operations with the all-purpose 
mitering attachment, shown in figure 94. You 
can use it with hand or power feed for ripping, 
cutting off, or mitering. You can notch, square, 
rip, or miter rods, tubes, bars, channels, rails, 
and irregular shapes with accuracy. The attach- 
ment is mounted on the sawing side of the table 
and is fastened to a guiderail on the front edge 
of the table. The attachment has a graduated plate 
with an adjustable work stop on the mitering 
bar and a lock screw on the meter head. This 
enables you to set the attachment at any desired 
angle. 

10-9. Disc-Cuttiiig Attachment You can use 

the disc-cutting attachment to saw internal or 




A« Lockurtw 

B. OcgrM graduations 

C. Twin guide bars 

D. Handwhmt uMd ta s«t angit 



C Guide bracket 

F. Clamp 

G. Guide rail 

H. Work 



Figure 92. Rip fence. 



Figure **4. All-purpose mitering attachment. 
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external circles and discs. The disc-cutting attach- 
ment consists of three parts: a clamp and cylindri- 
cal bar, which can be fastened to tne saw guide- 
post; an adjustable arm that slides on the 
cylindrical bar; and a pivot or centering pin. 
ThesJc parts are shown in figure 95. The diam- 
eter of a disc is limited by the length of the 
cylindrical bar on the attachment. However, the 
diameter and location of an internal circle may 
be limited by the throat depth of the machine. 
The disc, or circle, must be laid out and the 
center located and drilled with a center drill to a 
depth of Vs inch to inch to provide a pivot 
point for the centering pin You can feed the 
work into the saw band by hand or by power 
feed 

10-10. If you use power feed, you should lock 
the right cable so that all the force of the weight 
will be applied to the left cable. Wrap the chain 
on the left cable around the work two turns. 
When the weight is applied, the work will rotate 
clockwise into the saw. The centerline of the cen- 
tering pin must be in line with the front edge of 
the saw teeth and at the desired distance from 
the saw band. 

10-1 1. Stack Sawing* Stack sawing is the saw- 
ing of several pieces of material of the same 
shape in one operation. This method of dupli- 
cating identical pans saves time, since it is neces- 
sary to lay out only one piece (the top one). 
The number of pieces tliat you can stack de- 
pends upon the capacity of the saw. Do not 
stack pieces so high that they become top heavy. 
The stacked pieces must be fastened together be- 
fore they are sawed. Laige numbers of pieces 
can be compressed in an arbor press and welded 
together. NOTE: Do not weld the pieces your- 
self. Get an authorized welder to do this for you. 




Figure 95. Disc-cutting attachment. 



TACK 
SOLDERED 




STACKED 
BLANKS 



Figure 96. Compressing and soldering small objects 

10-12. Small stacks can be compressed in a 
vise and soldered together, as shown in figure 
96. They may also be drilled and fastened with 
bolts. The boltheads should be flush with the 
bottom surface of the slacked parts to allow the 
work to lie flat on the table. The stacked items 
should be considered as one solid object when 
the operating speeds are selected. NOTE: All 
welding, soldering, or drilling should be in the 
scrap or waste portions of the workpieces. 

10-13. Friction Sawing* Friction sawing can 
only be used to saw hardened steels. This method 
of sawing makes use of the heat generated by 
friction. The heat generated by the contact be- 
tween the saw band and the work '5 concen- 
trated on the workpiece faster than it can be 
absorbed. The high tempe»-ature softens the 
metal, and the saw teeth scoop th« heated metai 
away from the work. The temperature gener- 
ated at the point of contact exceeds the red 
heat temperature, but is below 1600® F. The 
saw band does not overheat because of the lim- 
ited time that a given portion of the band is in 
contact with the work. The teeth are air cooled 
before they reenter the cut. Dull saw bands fric- 
tion-saw better than sharp ones. Dull teeth in- 
crease the friction, generate a higher tempera- 
ture, and permit the material to be removed 
faster. The bands should be installed with the 
teeth upside down as this will increase friction, 
gc'nerate more heat and prevent the teeth from 
tearing off the band. 

10-14. Angular Sawing, Filing, and Polishing. 
Sawed surfaces are usually at a 90° angle to the 
table surface. It is sometimes necessary for the 
sawed surface to be at an angle other than 90®. 
This is true, for example, when clearance must 
be provided on mating parts. The table can be 
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tilted forward and backward up to lO"*, to the 
left up to 10^ and to the right up to 45^ You 
tilt the table by loosening lockbolts located below 
the table and then setting it to the desired angle. 
The settings are indicated on graduated plates 
located below the table. Check the angular setting 
by measuring the angle formed by the post and 
the tabletop with a protractor head and blade. 
Tighten the lockbolts after you hav* positioned 
I he table. Now, you can operate the machine 
the same way you did for straight and contour 
sawing. Compound angles can be sawed by tilt- 
ing the table in two directions or planes at the 



same time. Both external and internal sawing can 
be performed. 

10-15. Angular filing and polishing are done 
for the same reasons as other filing and polishing 
operations. Selection of bands, speeds used, and 
setup procedures are the same as those used for 
all filing and polishing. After the sawing opera- 
tions, you file or polish the work as required 
without disturbing the table setting. This assures 
that the correct finished angles will be produced. 
External and internal mating parts are more easily 
fitted if the table setting is not disturbed when 
each part is finished. 
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This workbook places the materials you need where you need them whfle you 
arc studying. In it, you will find the Study Reference Guide, the Chapter Review 
Exercises and their aiswers, and the Volume Review Exercise. You can easily 
compare textual references with chapter exercise items without flippmg pages 
back and forth in your text. You will not misplace any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
c'assroom. The workbook puts these self-teachers into one booklet If you will 
follow the study plan given in "Your Key to Career Development," which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to ''Your 
Key to Career Development'' or your course material, use ECI Form 17, "Student 
Request for Assistance,'* identify yourself and your inquiry fully and send it to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
of it to ECI. 
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STUDY REFERENCE GUIDE 

1. Use this Guide as a Study Aid. It emphasizes all important study mu of this volume. 

2. Use tfm Guide as you complete the Vdume Review Exercise and for Review after Feedback on 
the Results. After each item number on your VRE is a three digit number in parenthesis. That 
number corresponds to the Guide Number in this Study Reference Guide which shows you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be 
sent to you on a postcard which willlist the actual VRE Items you missed. Go to your VRE 
bookie and locate the Guide Number for each item missed. List these Guide Numbers. Then go 
back to your textbook and carefully review the areas covered by these Guide Numbers. Review 
the entire VRE again before you take the ck)sed-book Course Examination. 

3. Use the Guide for FoUaw^p after you complete the Course Examination. The CE results will 
be sent tc you on a postcard, which win indicate *^tisfactory^ or ''Unsatisfactory*' completion. 
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course* 



Guide 
Number 



Guide Numbers 300 through 310 



300 Introduction; Construction and Operation; 
Construction; pages 1-3 

301 Construction and Operation; Operation; 
pages 4-8 

302 Workholding Devices; pages 8-1 1 

303 Shaper Cutting Tools and Toolholders; pages 
1M6 

304 Introduction; Machining Horizontal, Verti- 
cal, Angular, and Contoured Surfaces; pages 
17-21 

305 Machining Shoulders, Slots and Grooves, and 
Keyseats; pages 21-25 



Guide 
Number 

306 Introduction; Construction and Operation; 
pages 26-28 

307 Saw, File, and Polishing Bands: Saw Bands; 
pages 28-35 

308 Saw, FUe, and Polishing Bands: File Banks; 
Polishing Bands; pages 35-39 

309 Introduction; Straight and Contout Sawing, 
Filing, and Pohshing; Internal Sawing, Filing, 
and Pohshing; pages 40-44 

3 1 0 Attachments and Special Sawing Operations; 
pages 4448 
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CHAPTER REVIF / EXERCISES 



The foUomng gxercises are study aids. Write your answers in pencil In the spnce provided 
after each exercise. Immediately after completing each set of exercises, check your responses 
against the answers for that set. Do not submU your answers to ECI for ffaiing. 

CHAPTER 1 

Objectives: To exhibit an understanding of the construction and opention of shapers; to show 
abUity to identify the various types of workholding devices and to explain their use; and to be 
able to identify the various types of shaper cutting tools and toolholders and to explain their use. 

1. When does the cutting action take place in the operation of a shaper? (1-2) 

2. What designates the size of a shaper? (1-2) 

3. Which type of shaper is the most common? (1-3) 

4. How can you tell the difference between ^ universal shaper and a plain shaper? (1-5) 

5. What causes the ram to move back and forth? (l-6/>) 

6. What two mechanisms are contained in the crossail? (l-6,f) 

7. What IS the purpose of the rapid traverse? (1-6/) 

8. How long should the stroke be in relatton to the work? (1-8) 



9. Why is a greater portion of the overstroke at the rear rather than at the front of the work? 
(1-9) 
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10. At what speed should a shaper be operated if the reoommended CPS is 30 and the length 
cf stroke is 10 inches? (MO) 



11. WhLt is feed in shaper operaiicns? (M2) 

12. What are the two functions of the directional feed control lever? (M3) 

13. How can '^e table be moved by hand? (1-14) 

14. When is the rapid travesc used? (1-15) 

15. What part of the toolhead controls the depth of cut? (M7) 

16. What is the ms unum depth of a roughing cut that is allowable? (1-19) 

17. What determines the direction oi clapper box tilt? (1-21) 

18. What should be done to the table surface before alining it? (i-24) 



19. What is one of the most important requirements that must be met before producing an 
accurately squared surface when the work is held in a vise? (1-27) 



20. What is proper toolhead alinement? (1-28) 



21. How may work be held in a shaper? (2-1) 
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22. What we two oommon types of shaper vises? (2-2) 

23. What arc parallels used for? (24) 

24. What are two oommon types of ai^te plates? (2-5) 

25. What is a jack used for on a shaper? (2 8) 

26. What is another tiame for a heavy-duty roughing tool used in s shaper? (3-3 /i) 

27. What type of tool produces the best finish on i Si and aluminum? (3-3, i, c) 

28. What should be done to work before using a form tool? (3-3^) 



29. What angle must be compensated for in grinding end relief and back rake angles on 
shaper tool? (3-5) 



30. What toolholder is used to cut an internal spline? (3^) 



CHAPTER 2 



Objectives: To demonstrate a knowledge of the planing of horizontal, vert'.cal, angular and 
contoured surfaces. To be able to explain the technkiuei for planing shouMers, slots ^d grooves 
and key seats. 

J. What IS the most common direction of feed in using a shaper on a horizontal surface? (4-2) 
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2. How can adjacent surfaces be machined perpendicular to one another in a shaper? (4-4) 



3. Why is shim stock used between the work and the vise jaws? (4-6) 



4. When can a roughing tool be used for the finish cut? (4-7) 



5. When machining vertical surfaces, and great accuracy is not required, how can the toolhead 
and Ihe vise be alii^ed? (4-9) 



6. In what range should the depth of cut in machining vertical surfaces be? (4-10) 



7. How may angular surfaces be machined in a shaper? (4-12) 



8. When is swiveling the vise the method to use in machining an angular surface? (4-13) 



9. What is the difference in the method of feed in cutting angular surfaces by swiveling the 
toolhead and by seiveling the table? (4-14, IS) 



iO. What limitation applies to using an adjustable angle plate in a shaper? (4-16) 



11. How are contour surfaces mahined in a shaper? (4-19) 

12. How are shoulders machined in a shaper? (5-2) 

13. How can time be saved in roughing out material between two shoulders? (5-3) 



14. What maximum depth of cut should be used m vertical feeding? (5-5) 
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J 5. What are the best types of tools to use for finishing vertical surfaces? (5-6) 



16. What is the difference between a keyway and a key scat? (5-10) 



17. To what depth and what diameter should the drill be that is used at the beginning and the 
end on an external keyseat machined in the middle of a shaft? (5-1 1) 



18. How are depths of cut made when cutting an mternal keyseat on a shaper? ^5-14) 



Objectives: To demonstrate a knowledge of the construction and operation of a contour machine 

and a knowledge of the essential features of saw, file, and polishing bands. 

1. What IS a job selector dial? (6-3) 

2. How can table alinement be checked? (64) 

3. What are the two speed ranges of a contour machine? (6-5) 

4 At what speed should the shift lever be moved from one range to the other? (6-6) 

5. What functions do saw band gullets perform? (7-3c) 

6. What IS usually the gage cf a saw band that is 3/8" wide? (7-3e) 

7. What IS the minimum number of teeth thai should be in contact with the work at all times? 
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(7-5) 




8. What type of set pattern should be used on thin work sections and tough materials? (7-5) 



9. Where can you locate information concerning the length of the new saw blade that should be 
cut oh before welding a sawband? (7-6) 



10. What will happen to small saw bands if too much tension is applied during the welding 
operation'^ (7-7) 



11. Why do saw band teeth have set? (7-5^) 



12. For what purpose is a grinder installed on a contour machine? (7-10) 



13. When should the down pressure on the welder operating lever be released? (7-1 1) 



14. What IS the purpose of the hardened steel inserts mounted in the guide blocks'? 
(7-14, 15, 16) 



15. What IS used to correctly position the saw guide inserts? (7-17) 

16. How IS the saw band made to track in the correct location? (7-18) 

17. Why IS maintaing the correct saw band tension necessary? (7-19) 

18. What position should the transmission lever be when mounting a saw band? (7-20) 
• 'K What are the advantages of using the widest file possible? (7-21) 
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20. Why are file segments fastened to the spring steel band by only one end? (7-22) 



21. Why should kinking of the spring stee- bana be avoided? (7-25) 



22. What factor determines the speed at which a polishing band is operated? (7-28) 



23. What tension is placed on a polishing band? (7-29) 



CHAPTER 4 

Objectives: To demonstrate a working knowledge of straight and contour sawing, filing, and 
polishing; of internal sawing, filing, and pobshing; and of the use of various attachments in 
performing special sawing operations. 

1. What controls the accuracy of contour machine work? (8-1) 

2. What factors govern th<^ speed used to saw work? (8-3) 

3. Why are thinner bands required for contour sawing than for straight sawing? (8-4) 

4. What are two safety precautions to observe in sawing on a contour machine? (8-5) 

5. What should you do if a saw band breaks while you are sawing? (8-5) 

6. At what speed should a saw be running when it is shut off? (8-6) 

7 What factors must be considered in the selection of a saw band? (8-7) 
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8. How should layout lines be scribed? (8-8) 



*>. How can ;i ladiiis that is too snwll to be cut with a saw band be machined in the work? (8-8) 
(«-«) 



10. How much material is left on the work for filing? (8-9) 



11. When work has convex and concave surfaces to be filed on a contour saw, which should be 
filed first? (8-11) 



12. What shapes of file bands are used to file concave surfaces? (8-11) 

13. What amount of pressure is used in fiUng work? Explain your answer. (8-12) 

14. Besides folishing, what are poHshing bands used for? (8-13) 

15. How are polishing bands lubricated? (8-14) 



16. How large should the starting hole be when preparing to perform internal sawing operations? 
(9-2) 



17. What are some of the problems that filing internal surfaces presents? (9-4) 



18. What attachment is used to assist in precision sawing and filing? (10-2) 



19. How is electrical power provided for the etching pencil? (10-3) 
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20. How is the rate of feed increased on a contour saw? (104) 



21. How is power provided for the power feed? (104) 



22. At what angle do angular saw guides twist the saw band at the point of tut*^ (10-5) 



23. How can stock be sawed so that the opposite sides are parallel? (10-6, 8) 



24. What should be done to work after laying out the circle and before inserting it into the 
disc-cutting attachment? (10-9) 



25. What are the advantages of stack sawing? (10*11) 



26 What is the principle of friction sawing? (10-13) 



27. In what directions and how many degrees can the contour machine table be tilted? (10-14) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 

1. During the forward stroke of the ram. 

2. The maximum length of the stroke. 

3. The horizontal shaper. 

tilted"' whlfT' '"J' '.^ ' P'^"^ ^"^facc can be 

tilted, while a plain shaper table cannot be swiveled or tilted. ' 

5. The rocker arm. 

6. The table elevating mechanism and the table traverse mechanism. 

7. To reposition the table and the work quickly after the cutting stroke. 

8. One inch longer than the lei^th of the work. 

' b're'akTf? ^^1^^, ? '""""^ ^^"''^ "-^l^ ^° P«™*t the chip to 
break off, while the larger overstroke on the return stroke permits Che ciaoDer box to L. 
before the cutting stroke and the feed to take place. 

10. 21 strokes per minute. 

11. The distance the table moves the work toward the tool before each cutting stroke. 

12. To engage the power feed and to determine the direction of the table travel. 

crowJi? ^'"^ portion and turning the 

cross feed screw with the hand crank. ^ 

a?otL"cut " ^° ^^-ting position for 

15. The toolsbde. 

16. Roughing cuts can be as deep as the toolwork and setup permit. 

17. The direction of the cut and the operation that is being performed. 

18. Clean it and remove any burrs. 

19. Accurate vise ahnement. 



„ 323 



zL In a vise, between index ceaiers, clamped to an angle plate, or fastened directly to the shaper 
table. 

22. Single*screw and double-screw vises. 

23. Supporting work at a convenient height while maintaining parallelism between the bottom of the 
work and the shaper table or vise. 

24. Standard nonadjustable and adjustable. 

25. For leveling work and supporting portions that could spring. 

26. A bullnose roughing tool . 

27. A shear tool. 

28. Rough out the form with a roundnose tool and use the form tool to finish the machine 
operation. 

29. The angle at which the holder holds the cutting tool. 

30. An extension tool holder. 



1. Laterally below the ram, from left to right. 

2. By machining them horizontally in the proper sequence. 

3. To prevent damage to the vise jaws, increase vise holding power, compensate for unevenness 
in the work, and protect fmished work surfaces. 

4. When an exceptionally good fmbh is not req**ired. 

5. By theu graduations. 

6. From 1/32 to 1/16 inch, depending on the rigidity of the setup. 

7. Swiveling the vise or the tooihead, swivehng or tilting the table, mounting the work on an 
adjustable angle plate, or holding it in a fixture. 

8. When the surface to be machined is perpendicular to the surface of the table or the bottom 
of the vise and at an angle to the stroke of the ram. 

l The tool is fed by hand ^^hen the tooihead is swiveled, and power feed is used when the 
table has been swiveled. 
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10. It should only be used for light duty appLcations. 

11. By using lull or piirtial tbrin cutting tools or by hand manipulation oi tool and feed. 

12. By using a roundnose tool to remove excess material, and a side-finishing or squaring tool 
to finish the surfaces. 

13. By feeding the work in each direction on successive cuts. 

14. .050 inch. 

15. Side finishing and squanng. 

16. A keyseat is a single groove or slot in a shaft that is alined with a like groove in a mating 
part to form a key way. 

17. The drill diameter should be equal to the keyseat width, while its depth, except for the drill 
point, should be equal to the keyseat depth. 

18. By feeding the tool upward with the toolslide. 

lAPTER 3 

1. It IS a dial mounted on the upper door of a contour machine that gives information on 
sawing, fihng, and polishing more than 50 different materials. 

2. By placing a square against the saw guide support post and the table. 

3. Low range is 0400 fpm; high range is 0-1600 fpm. 

4. Approximately 50 fpm or lower. 

5. They provide chip clearance and help to remove the chips from the cut. 
6 .025 inch. 

7. Two. 

8. The wave set. 

9. By consuhing the instruction manual or technical order for that particular machine. 

10. The saw band ends will overlap instead of butt together during the welding operation. 

11. To prL'^^nt the band from binding and to provide a clearance that permits cutting radii. 

12 It IS used to square the saw band ends before welding and to remove excess weld after the 
welding has taken place. 




13. After the stationary jaw has been loosened. 

14. They guide and suoport the saw band. 

15. An insert gage. 

16. By tilting the upper wheel in cr out as necessary. 

17. To prevent its twisting and not sawing straight. 

18. Neutral. 

19. The files remain sharper longer and less time is needed for filing. 

20. This allows the band to bend as it moves around the upper and lower wheels and 
in place as they move past the work. 

21. A kink prevents interlocking of segments which causes rough, uneven filing. 

22. The grit size of the band. 

2^. The tension should be just snug enough to eliminate slippage. 



1. The skill and knowledge of the operator. 

2. The type and thickness of the work. 

3. To prevent rubbing the bands on the sides of the cut. 

4. Use a wooden push stick to apply feed pressure and wear eye protection 

5. Stand clear of the machine and turn the power off. 

6. About 50 fpm. 

7. The size of the radius to be sawed and the thickness of the material. 

8. Just once, with a sharp scriber. 

9. By drilling a hole whose radius equals the desired radius. 

10. 1/64 inch. 

1 1 . The concave surfaces. 
12 Oval or half round. 



CHAPTER 4 




14 



13. Use a light pressure to prevent clogging the file teeth with chips. 

14. Removal of scale, burrs, oxides, and toolmarks. 

15. By iiihbing graphite |xiwder on (he guide. 

16. The diameter should be slightly greater than the saw band width. 

17. Obscured vision, exacting procedures, difficult handwork, and chip buildup under the work. 

18. The magnifying attachment. 

19. By clamping the strip of the etching pencil cable into the butt welder. 

20. By a weight mounted on a beam. 

21. By turning the power feed handwheel counterclockwise. 

22. 30'' to the right. 

23. By using a rip fence or an all-purpose mitering attachment. 

24. Drill a center hole in the center to a depth of 1/8 to 3/16 inch 

25. It saves time, since it is necessary to lay out only one piece. Also several pieces may be 
sawed at the same lime. 

26. Heat generated between the work and the saw band is concentrated on the work much faster 
than it can be absorbed, with the saw's teeth carrying the heated metal away from the work. 

27. Forward and backward 10°. left 10°, and rigfit 45*" 
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Multiple Choice 
Chapter I 

1. {MX}) The si/c o\ ;i shapcr is determined by the 

.1. iiKixiiiHiin c;i|xicily ol ihc vise. c. louglh of (he ram. 

b. maximum stroke length. d. size of the table. 

2. (300) The column and base of a shaper are designed 

a. without a bearing surface for the ram. 

b. with horizontal ways upon which the crossrail sMes. 

c. to maximi7e vibration. 

d. to imnimize vibration. 

30 (300) The front part of the cylindricaUy irachined casting which if gibbed to the crossrail 
IS called the 

^ c. trunnion, 

column. d ^Q^^^ ^^^^ 

4. (300) The lor^tion of the sliding block and pin with respect to the center of the bull 
wheel governs the 

a. speed of the cutting stroke. c. speed of the rccurn stroke. 

b. rate of table feed per stroke. d. length c' the cutting stroke 

5. (301) Generally, the amount of overstroke for work in a shaper is 

pendent on the whork shape. c. 1 inch tonger than work length, 

dependent on the work material. d. 1 inch per foot of work le..gth. 

6. (301) The formula m = ^ ^ i, n.,H .u 

L '° determine the cutting foot speed for *apers. 

The nachinist's handboik indicates that the recommended CFS is 20 for the meta' you are to 
use. You need to r'.,gh -.achine a 6-UKh piece of the metal. At what speed should you 
operate th* shaper? 

a. 20 strokes per minute c. 23% strokes per minute. 

b. 2 strokes per minute. d. 23% inches per stroke 

7 (301) The normal position of s shaper toolhead during use is 

a. horizontal. c. 45° to the work, 
^- d. 60" to the work. 
(301) The depth of a shapcr cut is controlled by the 

'oolslide. c. lock saew. 

b. loolhead. d clapper box. 
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9. (301) Roughing c-jts for shaping metal 

a. normally range from O.CIO • 0.020 mch. 

b. should not exceed 0.005 inch. 

c. should be 0.085 inch. 

d. may be as deep as tool, work, and setup permit. 

10. (301) To prevent damage to the work and cutting tool during the return stroke, the top of 
the clapper box should be 

a. positioned opposite the cut direction c. positioned toward the direction of cut. 

b. set perpendicular to the work. d. set to any convenient position. 

11. (302) The work-holding device that makes possible machining operations on both horizontal 
and vertical positions is the 

a. holddown strap. c. swivel vise. 

b. adjustable angle plate. d. adjustable parallel. 

12. (302) Light work that may spring dunng the machining operatwn is generally supported by 

a. an angle plate. c. a jack. 

b. an adjustable parallel. d. a bunter. 

13. (303) The primary difference between lathe and shaper c iting tools is that shaper tools have 

a. less effective side and end relief. c. more effective side and end relief. 

b. opposite angles to that of lathe tools. d. no back or side rake angles. 

14. (303) Two types of shaper tools that are usually ground v^rith O"* side rake are the 

a. shovelnose and parting tools. c. form and roundnose tools. 

b. roughing and roundnose tools. d. shear and side-finishing tools. 

15. (303) The toolholder used with a form tool to absorb vibration is the 

a. spring type c. gooseneck type, 

h <^wivel head type. d. extension type. 



Chapter 2 

16. (304; The factors which restrict the types of shaper work chat can be done are the 
maximum length of the stroke and the 

a. inability to produce contour devices. c. capacity of workholding devices. 

b. inability to produce slot and keyseats. d. multidirectional stroke of the shiaper. 




17. (304. The recommended direction of feed for horizontal planing that permits viewing the tool 
cutting action and the work surface is 

=»• • c. from right to left. 

"P- d. from left to right. 

18. (304) Vise jaws should noi be tightened after seating work on parallels to prevent 

a. marring the work surface. c. damaging the parallels. 

b. unseating the work. - d. damage to the vise jaws. 

I'>. (304) The first step in machining a horizontal surface is to aline the stationary jaw and the 
bottom of the vise 

a. perpendicular to the ram travel. c. perpendicular to the toolslide 

b. parallel to the ram travel. d. parallel to the toolslide. 

20. (304) If the same tooi-ng setup used to machine a vertical surface is to be used to machine 
an angular surface, wnich of the following methods should be used? 

a. Use a fixture to hold the work. c. Swivel the toolhead. 

b. Swivel the table. d. Swivel the vise. 

21. (305) The best way to save time in roughing out material between two shoulders is to 

a. take deep^i depths of cut than normal. 

b. increase the ram strokes per minute. 

c. increase the feed per stroke. 

d. feed work in both directions. 

n. (305) To alter the depth of cut in machining a vertical surface with a shaper, the work is 
moved with the 

a. toolslide. c. toolhead. 

b. crossfeed. d. vertical feed. 

!3. (305) When using a squaring tool to finish a vertical surface, 'he top of the clapper box 
should be 

a swiveled away from the work. c. horizontal. 

0 swiveled toward the work. d. vertical. 

4 (305) The main difference between a shaper squaring tool and a shaper parting tool is the 

' '"•'^'^ "ke. c. cutting edge width. 

b. end relief d. side rake. 

(305) Two adjacent holes are drilled and elongated at the start of an external keyseat to 

(>"i: III the 

a -utting tool to drop into its cuttir^ position. 
I'' lull length of the keyseat to be machined. 

c. additional clearance between the tool and work 

d. chips to break off without difficulty. 
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26. (305) When mach.nmg an external keyseat on a shaper, the clapper box should be 

a. swveled to the left. , i„ ^^e horizontal position 

b. swiveled to the r itht. a i 

d. m the vertical position. 

27. (305) The setup for machining an internal keyseat differs from other types of setuDS 
primarly in that the clapper box is ^ ^ 

a. locked in .e vertical position and the feed is downward 

b. locked in the vertical position and the feed is upward. 

c. loose and can be fed in either direction. 

d. swiveled toward the operator and the feed is upward. 

Chapter 3 

28. (306) The size of a contour machine is determined by the 

a. height of the machine. c. throat depth. 

d. length of saw band. 

!ot ottr~ n ' "'^^'^"^ °- ^Peed range 

30. (306) If the middle cone of the variable speed unit of a contour machine is shifted, the 
a raiio between the two pulleys changes. 

b. ratio betv the two puUeys remains conslant. 

c. diameter ol both pulJevs deaeases. 

d. diameter of both pulleys increases. 

31. (3Q7) The type of a saw band refers tu the 

32. (307) The set of a saw band is the 

a. amount of bend given the teeth. c. slot produced by the sawing action 

b. distance from back edge to tooth tip. d. band back thickness. 

33. (307) In addition to the amount of set, the kerf width ., dependent upon the 

a. band width and rate of feed. c m pat ;n and gullet size 

b. gage and saw pitch. d. saw ptich and ra'te of "ed. 

34. (307) Which of the following provides the clearance that makes radius cutting possible? 

^ ^J''^- c. Width. 

^- d. Gage. 



35. (307) To lorm an endless look, the ends of a saw band are 

''■ "V'-'''-'**- c. butt welded, 

b. lap welded. d. interlocked. 

36. (307) What prevents the sav band trom springing as cutting pressure is applied' 

a. Guide blocks. e. Steel inserts. 

b. Two thrust rollers. d. An alining pin. 

37. (307) The saw band is made to "track" ,n the slots formed by the guide inserts by 

a. tilting the upper wheel. til„ng the lower wheel 

b. adjusting the thrust bearings. d. adjusting the guide post. 



(307) After a saw band has bee, m use lor some time, the tension is readjusted by raising 



the upper 

c. insert. 

b. wheel. d ^o,,^.^ 

3*). (307) Too much tension on a saw band will cause 

a- the bjnd to twist. ^heel tires to wear, 

b. wear on the saw guides. d. the saw band to slip. 

40. (.308) To replace a damaged file segment, the replacement segment is 

. . riveted to the file band at the leading end. 

b. interlocked at the leading end with the adjacent segment. 

c. riveted to the nie band at the trailing end. 

d. interlocked at the trailing end with the adjacent segment. 



Chapter 4 

41. (309) To prevent the band from twisting when you are making a straight cut, you should 
use ttie 

a. thinnest available saw band of the proper pitch. 

b. widest available saw band of the proper pitch. 

c. slowest cutting speed, 
(i. lightest feed pressure. 

42 (309) To avoid dulling the saw teeth, the pressure of the feed against the saw blade should 

J con.stant. ^. heavy, 

h (lexible. d. light. 
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43. (309) Radii of ^ inch, h inch, 1 inch, and Wa inches are to be sawed. The radius used 
to determine the width of the saw band selected would be 

a. 1 inch c. Vi inch. 

b. % inch. d. Wa inches. 

44. (309) The shape of the file ' sed on convex surfaces is 

a. flat. c. half round, 

b oval. d. round. 

45. (309) The first step in internal sawing operations is 

a. cutting the saw band to length. 

b. welding the saw band together. 

c. locating and drilling the starting hole. 

d. threading the saw in the starting hold. 

46. (310) The etching pencil is used to 

a. burn burrs off work. c. finish small contours, 

h. cut hardened steel. d. mark work and tools. 

47. (310) Which of the lollowiiig attachments is used to increase the throat depth of a contour 
machine to accomodate work that would otherwise be too long for the machine? 

a. Power feed attachment. c. Angular saw guides. 

b. Rip fences. d. Miterir^ attachments. 

48. (310) The attachment that enables you to do accurate rippii^, notching, and squaring is the 

a. rip fence. c. cutt-off attachment. 

b. all-purpose mitering attachment. d. angular saw guides. 

49. (310) If you are to cut 12 identical pieces of work from 1/4-inch-thJck material by stack 
sawing two stacks of 6 pieces, you would select the proper cutting speed based on a 
thickness of 

a. 1/4 inch. c. \ % inches. 

b. 3 inches d. inches. 

50. (310) For most effective friction sawing 

a. the teeth of the saw band must be right side up. 

b. sharp saw bands sliould be used. 

c. duil saw bands should be used. 

d. the saw must be stopped periodically to allow the band to cool. 
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Preface 



IT OLUME 4 deals with milling and grinding machine work. Chapter 1 covers 
I the introduction to the milling machine; Chapter 2, milling machine operations; 

Chapter 3, grinding machine work; Chapter 4, fitting and assembly; and Chapter 
5, machine tool maintenance. It will help you to understand the scope of this 
volume if you leaf quickly through the pages of each chapter and note the numbered 
headings. 

Code numbers appearing on the figures are for preparing agency identification 
only. 

If you have questions on course enrollment or administration, or on any of 
ECFs instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami- 
nation), consult your education officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECI, Gunter AFB, Alabama 361 18, 
preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued ?t 24 hours (8 points). 

Material in this volume is technically accurate, adequate, and current as of 
August 1971. 
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CHAPTER 1 



* 

Introduction to the Milling Machine 



MANY YEARS AGO a machinist placed a 
mandrel, upon which he had mounted a 
cutter, between the centers of a lathe. He thtn fas- 
tened the object he was machining to the lathe 
cross slide. From this simple idea the milling ma- 
chine was invented. It developed into one of the 
most versatile and important metal cutting ma- 
chines. 

2. Milling is the operation of removing metal 
by means of revolving multitooth cutting tools 
called milling cutters. The milling machine is used 
chiefly for milling flat, angular, or irregular sur- 
faces. With the aid of attachments, the milling ma- 
chine is used for boring, keyseat and gear cutting, 

• slotting, the cutting of flutes and grooves, and 
many other operations. In this chapter we will dis- 
cuss milling machine construction and operation, 
cutters and arbors, and indexing. 

1. Construction and Operation 

1-1. You must be familiar with the main parts 
of the milling machine and their functions and 
controls before you can understand how it oper- 
ates. You must know about the types and sizes of 
milling machines and the effects of speed and feed. 
We will begin with a discussion of the types and 
sizes of milling machines. 

1-2. Types. Air Force machine shops have 
either one or two types of milling machines. These 
are the ram type and the column and knee type. 
Your shop may have one or both of these types. 
Each type may have either a plain or universal 
table. The main difference between a universal 
table and a plain table is that the universal table 
can be swiveled in the horizontal plane. The plain 
table cannot be swiveled. 

1-3. Ram type milling machine. As shown in 
figure 1, this machine is constructed with the cutter 
head, which contains the spindle, attached to the 
ram. The ram can be extended or retracted to any 
position over the table as required. The cutter 

• head can be swiveled to any angle from horizontal 
to vertical. These two features permit you to ma- 
chine vertical, horizontal, and angular surfaces 
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with a minimum number of work setups. Moving 
the work less saves time and reduces the possibility 
of errors and inaccurate machining. 

1-4. You will have no difficulty operating ram 
type milling machines if you are able to operate 
the more common column and knee type. Both 
types are basically the same. If you require more 
detailed information about this typo of milling ma- 
chine, you can obtain it from reference sources 
such as the 34 series technical orders and operator 
manuals. 

1-5. Column and knee. The horizontal column 
and knee milling machine, as shown in figure 2, is 
the mos' common type of milling machine in AF 
shops. Tliey are known as the column and knee 
type because the casting that the saddle and table 
are mounted on is called the knee. This knee 
moves vertically on the dovetail ways of the col- 
umn. This type can have the spindle mounted ei- 
ther horizontally or vertically, as shown in figure 
3. This does not affect the operation of the con- 
trols because they are so similar. 

1-6. The vertical column and knee milling ma- 
chine, as ''hown in figure 4, is not as common as 
the horizc...al column and knee milling machine in 
the Air Force. Its main advantage is that you can 
observe cuts being made by end mills and face 
milling cutters. This is possible because all cutting 
is done horizontally, on the top of the work. It is 
not done behind the work, as is the case when an 
end mill or face milling cutter is used in a horizon- 
tal spindle machine. 

1-7. Size Designation. All milling machines are 
identified by four basic factors: size, horsepower, 
model, and type. The size of a milling machine is 
based on the longitudinal (from left to right) table 
travel in inches. Vertical, cross, and longitudinal 
travel are all closely related. For size designation, 
only the longitudinal travel is used. There are six 
sizes of knee type milling machines with each 
number representing the number of inches of 
travel 
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A. SPINDLE SPEED CHANGE LEVERS 

B. OVERARM CLAMP 

C. SLEEVE TYPE ARBOR SUPPORT 

D. PILOT TYPE ARBOR SUPPORT 

E. OUTER BRACE 

F. TABLE HANDWHEEL 

G. TABLE FEED LEVER 
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S\ FEED SELECTOR 
1. VERTICAL FEED HANDCRANK 
J. CROSSFEED HANDCRANK 

K. FRONT RAPID TRAVERSE LEVER 
L. VERTICAL FEED LEVER 

M. POWER FEED DRIVE SHAFT 

N. COOLANT RETURN HOSE 

Figure i. Ram typfi milling machine. 
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O. KNEE OIL FILLER PLUG 
P. TABLE HANDCRANK 
Q. CUHER HEAD 
R. ADJUSTABLE TABLE STOPS 
S. SPINDLE 
L RAM 

U. SPINDLE HANDWHEEL 




M 



A. STYLE B ARBOR SUPPORT 

B. STYLE A ARBOR SUPPORT 

C. OVERARM 

D. SPINDLE CLUTCH LEVER 

E. GEAR SHIFTER BRACKET 

F. COLUMN 

G. SPEED LEVER CONTROL 

H. LONGITUDINAL HANDCRANK 



I. SPINDLE REVERSE LEVER 
J. FEED REVERSE LEVER 
K. MOTOR BEHIND THIS COVER 
L. CENTRIFUGAL PUMP 
M. FEED LEVER CONTROL 
N. SADDLE 

O. VERTICAL FEED LEVER 
P. TRANSVERSE FEED LEVER 



Q. KNEE ELEVATING CRANK 
R. RAPID TRANSVERSE i.EVER 
S. KNEE 

T. TRANSVERSE HANDWHEEL 
U. LONGITUDINAL FEED CONTROL LEVER 
V. OVERARM BRACES 
W. TABLE 
X. SPINDLE 



Figure 2. Plain column and knee milling machine with horizontal spindle. 



Standard Size 

No. 1 
No. 2 
No. 3 
No. 4 
No. 5 
No. 6 



Longitudinal Table Travel 

22 inches 
28 inches 
34 inches 
42 inches 
50 inches 
60 inches 
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If the milling machine in your :hop is labeled No. 
2HL, it has a table travel of 28 inches, and if it is 
labeled No. 5LD, it has a travel of 50 inches. 



1-8. Main Parts. Since the column and knee 
milling machine is able (if you use the proper at- 
tachments) to perform the same operations as the 
vertical spindle and ram types, we will discuss it in 
detail. We begin with a description of the main 
parts. 

1-9. You must know the name and purpose of 
each of the main parts of a milling machine in 
order to understand the operations discussed later 
in the volume. Keep in mind that, although we are 
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A. SPINDLE 

B. ARBOR SUPPORT 

C. SPINDLE CLUTCH LEVER 

D. SWITCH 

E. OVERARM 

F. COLUMN 



G. SPINDLE SPEED SELECTOR LEVERS 

H. S/DDLE AND SWIVEL 

I. L(* ::"'UDINAL HANDCRANK 
J. BAS. 
K. KNEfe 
L. FEED riAL 



M. KNEE ELEVATING CRANK 
N. TRANSVERSE HANDWHEEL 
O. VERTICAL FEED CONTROL 
P. TRANSVERSE FEED LFVER 
Q. TABLE FEED TRIP DOG 
R. LONGITUDINAL FEED CONTROL 
Figure 3. Universal column and knee milling machine mu horizontal spindle. 
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Figure 4. Vertical spindle milling machine. 

discussing a column and knee mPling machine, 
you can apply most of the information to the other 
types. Figure 2, which illustrates a plain column 
and knee milling mr chine, and figure 3, which il- 
lustrates a universal column and knee milling ma- 
chine, will help you to become familiar with the 
location of the parts. 

1-10. Column. The column, which is the main 
casting of a milling machine, is called a column 
because of its height and shape. The column con- 
tains the gearing and drive shafts. An oil reservoir 
and a pump in the column supply the spindle with 
the necessary lubrication. The column rests on a 
base that contains a coolant reservoir and a pump 
that you can use when you perform any machining 
operation that requires a coolant. 

1-11. Knee, "^'he knee is the casting that sup- 
ports the table and saddle. It acquired its name be- 
cause it resembles the knee used in building con- 
struction to reinforce joints. The knee is fastened 
to the column by do^'etpil ways. You can raise or 



lower the knee by either hand or power feed. You 
usually use hand feed to take the depth of cut or to 
position the work, and power feed to move the 
work during the machining operation. 

1-12. Power feed mechanism. The power feed 
mechanism, which is contained in the knee, con- 
trols the longitudinal, transverse (in and out) and 
vertical feeds. You can obain the desired rate of 
feed on machines, such as the one shown in figure 
2, by positioning the feed selection levers as indi- 
cated on the feed selection plate. On machines 
such as the one in figure 3 you obtain the feed that 
you want by turning the speed selection handle 
until the desired rate of feed is indicated on the 
feed dial. Most milling machines have a rapid 
traverse lever that you can engage when you wish 
to temporarily increase the speed of the longitudi- 
nal, transverse, or vertical feeds. For example, you 
would engage this lever when you are positioning 
or alining the work. 

1-13. Table. The table the rectangular cast- 
ing located on top of the saddle. It contains several 
T-slots that enable you to fasten work or work- 
holding devices to it. You can move the table by 
hand or by power. To move the table by hand, you 
engage and turn the longitudinal handcrank. To 
move it by powe , you engage the longitudinal 
directional feed control lever. You can position 
the longitudinal directional feed control lever to 
the left, to the right, or in the center. You place 
the ball end of the directional feed control lever to 
the left to feed the table toward the left. You place 
it to the right to feed the table toward the right. 
You place it in the center position to disengage the 
power feed or to feed the table by hand. 

1-14. Spindle. The spindle on a milling ma- 
chine is somewhat similar in purpose to a lathe 
sp'ndle. A milling machine spindle normally holds 
and drives a cutter or a cutting toolholder. A lathe 
spi'idle normally holds and drives a wcrkholding 
device. The spindle extends completely through 
the column of the milling machine. The front end 
of the spindle, which is near the table, has an in- 
ternal taper machined in it. The internal taper per- 
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Figure 5 Spindle drawboU. 
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niits you to mount tapered-shank cutter holders 
and cutter arbors. Two keys, located on the face of 
the spindle, provide a positive drive for the cutter 
holder, or arbor. You secure the holder or arbor in 
the spindle by a drawbolt and jamnut, as shown in 
figure 5. Large face mills are sometimes mounted 
directly to the spindle nose. 

1-15. Overarm. The overarm is the horizontal 
beam to which you fasten the arbor support. The 
overarm, shown in figure 3, may be a single cast- 
ing that slides in dovetail ways on the top of the 
column. It may consist of one or two cylindrical 
bars that slide through holes in the column, as 
shown in figure 4. You position the overarm on 
some machines by first unclamping locknuts and 
then extending the overarm by turning a crank. On 
others, you move the overarm by simply pushing 
on it. You should extend the overarm only far 
enough to position the arbor support over the 
arbor bearing in order to make the setup as rigid 
as possible. You can place arbor supports, which 
consist of two arms, on an overarm such as the 
one shown in figure 3 if you extend one of the bars 
approximately 1 inch farther than the other bar. 
Tighten the locknuts after you have positionc the 
overarm. On some milling machines the ccvlant 
supply nozzl; is fastened to the overarm. A split 
clamp permits you to mount the nozzle to the over- 
arm after you have placed the arbor support in 
position. 

1-16. Arbor support The arbor support is a 
casting that contains a bearing whxh alines the 
outer end of the arbor with the spindle. This helps 
to keep the arbor from springing during cutting 
operations. Two types of arbor supports are com- 
monly used. Type A has a small diameter bearing 
hole. Type B has a large diameter bearing hole. 
An oil reservoir in the arbor support supplies the 
bearing surfaces with the necessary lubrication. 
You can clamp an arbor support at any desired lo- 
cation on the overarm. Type A arbor supports 
provide additional clearance below the arbor sup- 
ports when you are using small diameter cutters. 
Type A arbor supports can only provide support 
at the extreme end of the arbor. For this reason 
they are not recommended for general use. You 
can posiiion type B arbor supports at any point on 
the arbor. Therefore, they can provide ippcrt 
near the cutter, if necessary. For this reason, you 
should position the type B arbor support as close 
to the cutter as possible in order to provide a rigid 
tooling setup. 

Note: Before loosening or tightening the arbor 
nut, the arbor support must be installed. This will 
prevent bending or springing the arbor. 

1-17. Speed and Feed. Which spindle speed 
should you use? What should the rate of feed be? 



These are questions that you will ask yourself as 
you make work and tool setups on a milling ma- 
chine. Unfortunately, theie are no simple answers 
to these questions. Every job presents a new set of 
variables that must be taken into consideration. 
You will have to decide which speed and feed to 
UbC at the beginning of the machining operation. 
After observing the cutting action, make any 
changes that you feel are necessary. 

1-18. Speed. As was explained in drill press 
work (Volume 1 ), cutting speed is always given in 
feet per minute. You must convert cutting foot 
speed to spindle or cutter speed (rpm). When you 
use attachments that change the ratio between the 
rpm of the cutter and the spindle, first determine 
the cutter speed and then determine the spindle 
speed. You must consider this ratio and increase 
or decrease spindle rpm to give the required cutter 
rpm. You will remember from our discussion of 
drill press speed in Volume 1 that a point on the 
periphery of the cutting tool should travel at a sur- 
face foot speed that is as near as possible to the 
cutting foot speed recommended for the material 
you are machining. Also, the diameter of the drill 
(in this case the cutter) must be included when 
you calculate he spindle speed. You can use the 
same fon.iula to select the milling cutter speed that 
you use to select the drill speed if you substitute 
the diameter of the cutler for the diameter of the 
drill. The formula would then be as follows: 



rpm = ^X^PS 

cutter diameter 



Use the lower CFS given in chart 1 whf*n you are 
rough machining and the higher CFS when you 
are finish machining. 

1-19. For example: What spindle speed would 
you use to rough mill low carbon steel with a 
high-speed steel milling cutter 3 inciies in diame- 
ter? Chart 1 shows that the recommended CFS for 
rough milling low carbon steel is 80. Therefore: 



rpm = 

rpm 
rpm 



_ 4 X 80 



320 
3 

107 



To rough mill low carbon steel with a 3-inch cut- 
ter, set the spindle speed controls to obtain a speed 
as near as possible to 107 rpm. 

1-20. Feed. Feed is the rate in inches per min- 
ute at which the work is moved into the revolving 
cutter. The thickness of the chip removed by each 
cutter tooth as it contacts the work is the basis for 
determining the feed. Figure 6 shows the chip 
thickness for both conventional and down milling. 

1-21. Climb milling is feeding the work tbr 
same direction as that of the cutter rotation TJ>e 
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Chart 1 
CuTTiNo Foot Speeds 



MATERIAL 


CUTTING FOOT SPEED 


T A D n C *T»ir IT T 


80 TO 110 


KifirnTTTiul ^Aon^M cnnrT 


oO TO 80 


rllLrrl-UAKoUri 1 OO Li oT££ Li 


50 TO 60 


o IJifJifLf FURUINQ5 


50 TO 60 




30 TO 40 




100 TO 150 


rlAKLi LlKlLflj£D C/AoT IRON 


70 TO 100 


Vif AT TC^AnTC* TD ^KT 


80 TO 90 


ORDINARY BRAoc AND BRONZE 


200 TO 300 


HIGH-TENSIL£ BRON7E 




MONEL 


40 TO 150 


ALUMINUM AND ITS ALLOYS 


200 TO 300 


MAGNESIUM AND ITS ALLOYS 


250 TO ^00 


BAKE LITE 


100 TO 150 


WOOD 


300 TO 400 




NOTE: CARBON STEEL DRILLS SHOULD BE RUN AT SPEEDS OF 
FROM 40 TO 50 PERCENT SLOWER THAN THOSE GIVEN 
ABOVE. 




S3— 436 




cr p 

THICKNESS 



DIRECTION OF FEED 



DIRECTION OF FEED 
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CONVENTIONAL [up] MILLING 



DOWN [CLIM^ MILLING 



Figure 6. Chip thickness. 
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thrust of the cut is DOWN or agaust the work. 
You use climb milling when the woik tends to 
spring or lift, as in milling thin or easily distorted 
work. During climb milling the cutter tends to 
climb or pull the work into the cutter. This may 
cause damage to the work or cutter. To prevent 
this, make sure that the gibs are snug and thai, ex- 
cessive end play (backlash) in feed screws is re- 
moved. You should also tighten the table lock 
until a slight drag is felt when you use the hand 
feed. Conventional, or up, milling is feeding the 
work in a direction opposite that of the cutter rota- 
tion. The thrust of the cut is UP, or away from the 
work. Use conventional milling whenever the na- 
ture of the work and the holding device will per- 
mit. 

1-22. The thickness oi the chip, or as it is often 
called, the feed per tooth, is normally from 0.001 
inch to 0.015 inch, but it can be more. Use fine 
feeds for light finishing cuts and coarse feeds for 
heavy roughing cuts. 

1-23. You can determine the '^hip thickness by 
multiplying the number of teeth on the cutter by 
the cutter rpra and then dividing the feed per min- 
ute by the product. Determine the chip thickness 
by using the following formula if you know the 
feed per minute, the rpm, and the number of teeth 
on the cutter: 



Thickness = 



feed 



teeth X rpm 



Example: You are using a cutter that has 20 teeth. 
The rpm is 40 and the feed is 1 inch per minute. 
What is the chip thickness? 



Thickness = 



Thickness — 



1 



20 X 40 



1 



800 

Thickness = 0.00125 inch 

1-24. The rate of feed is usually expressed as 
inches of feed per minute. Most milling machine 
feed dials are calibrated in inches per minute. You 
must convert the chip thickness into inci.^s per 
minute to set the machine for the feed you select. 
You can do this by using the formula: 

Feed = chip thickness x number of teeth X rpm 

Example: You hcive deteTnined that a speed of 
80 rpm and a chip thickness of 0.004 inch should 
be used to mill the job you are working on. The 
cutter you have selected has 12 teeth. What feed 
would you set the machine for? 

Feed = 0.004 x 12 x 80 
Feed = 0.048 x 80 
Feed = 3.840 inches 
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You would set the machine to produce a feed a" 
near as possible to 3.840 inches. 

1- 25. Varying conditions in milling machine 
work make it impractical to e fixed rules for 
cutting speeds and feeds. Generally, you should se- 
lect a cutting speed that gives efficient cutting ac- 
tion without undue wear on the cutter. Several fac- 
tors have to be considered in selecting cutter 
speeds and feeds. 

a. Hardness of th;' material. The harder and 
tougher t>>e metal, the slower the cutting speed. 

b. Depth of cut and i'nish desired. Light finish 
cuts are made at higher speeds than heavy rougji- 
ing cuts. 

c. Type of cutter material. High-speed steel cut- 
ters can be run at higher speeds than high carbon 
cutters, while carbide cutters can be run faster 
than high-speed steel ones. 

d. Type of milling operation. Fcffm milling op- 
erations using form cutters require slower speeds 
than some of the plain or face milling operations. 

e. Sharpness of the cutter. A sharp cutter al- 
ways cuts better and easier than a dull one. 

/. Coolant. All milling cutters can be operated 
at faster speeds and feeds when a coolant is used. 

2« Cutters and Arbors 

2- 1. To perform a milling operation you mo^e 
the work into a rotating cutter. The spindle may 
drive the cutter directly. More often the spindle 
drives an arbor on which the cutter is mounted. 
We will discuss cutters in the first part of this sec- 
tion and arbors in the second part. 

2-2. Cotters* There are many different milling 
machine cutters. Some cuttersxan be used for sev- 
eral operations and others for only one operation. 
Some cutters have straight teeth and others have 
helical teeth. Some cutters have mounting shanks 
and others have mounting holes. You must decide 
which cutter to use. To make this decision, you 
must be familiar with the various milling cutters 
anJ their uses. The information in this section will 
help you to select the proper cutter for the various 
operations yr/\ will be performing. In this section 
we will cov^r cutter classification, cutter types, and 
cutter selection. 

2-3. Classification, Milling cutters may be clas- 
sified according to the type of relief on the cutting 
ed^e (profile or form) and by the method used to 
mount the cutiti ^ arbor or shank). 

2-4. Profile-relieved cutters z often referred 
to simply as profile cutters and form-relieveu cut- 
ters as formed cutters. Profile cutters are sharp- 
ened by grinding teeth on the circumference of the 
cutter. You provide clearance by grinding behind 
the cutting edge, as shown in figure 7. Profile cut- 
ters are used more often than formed cutters, 
^ormed cutters are used to mill shapes that you 
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SHAftPENlKC PftOFlLC TYPE CUTTERS 



LAND 



RELIEF ANGLE 

CURVE 




EFFECTIVE RAKE 
ANGLE 



LARGE Chip 

SPACE 



CORRECT TOOTH FORM 
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Figure 7. Profile of a cutter tooth. 

cannot obtain with profile cutters. Formed cutters 
have an eccenu'c relief. All of the material indi- 
cated by the dark portion in figure 8 is and 
away, and the relief behind the cutting edge has 
the same contour as the cutting edge. Y u usually 
sharpen formed cutters by grinding the face of the 
tooth parallel to the axis of the cutter, as shown in 
figure 8. This permits them to retain their shape 
indefinitely. You sharpen some formed cutters 
(usually those that have a simple, easily repro- 
duced shape, such as a radius) by grinding the 
curved profile of each tooth. Formed cutters that 
are sharpened by grinding the face of the tooth are 
known as face*ground formed cutters. Formed cut- 
ters that are sharpened by grinding the profile of 
the tooth are called proflle-ground form^ cutters. 

2-S. Milling cutters may also be classified as 
arbor-mounted or shank-mounted. Arbor-mounted 
cutters are mounted on the straight shanks of ar- 
bors, and then the arbo** is inserted into the milling 
machine spindle. We will discuss the methods of 
mounting arbors and cutters in greater detail later 
in this section. 

2-6. Milling cutters may have straight, right- 
hand, left-hand, or staggered teeth. Straight teeth 
are parallel to the axis of the cutter. If the helix 
angle twists in a clockwise direction (viewed from 
either end), the cutter has right-hand teeth. If the 
helix angle twists in a counterclockwise direction, 
the cutter has left-hand teeth. The teeth on stag- 
gered-tooth cutters are alternately left hand and 
right hand. 

2-7. Types and uses. There are many different 
types of milling cutters. We will now discuss these 
types and their uses. 

2-8. You will use plain milling cutters to mill 
flat surfaces t^ .i are parallel to the cutter axis. As 
you can see in figure 9, a plain milling cutter is a 
cylinder with teeth cut on the circumference only. 



Plain milling cutters are made in a variety of di- 
ameters and widths. Note in figure 9 that the cut- 
ter teeth may be either straight or helical. When 
the width is more than H inch, the teeth are 
usually helical. A straight cutter tooth is parallel to 
its axis. It cuts along its entire width at the same 
time, causing a shock as the tooth starts to cut. 
Helical teeth eliminate this shock and produce a 
free cutting action. A helical tooth begins the cut 
at one end and continues across the work with a 
smooth shaving action. Plain milling cutters 
usually have radial teeth. Some coarse helical 
tooth cutters have the tooth face undercut to pro- 
duce a smoother cutting action. Coarse teeth de- 
crease the tendencv of the arbor to spring and give 
the cutter greatei strength. The helical teeth of 
some heavy-duty plain milling cutters are nicked, 
as shown in figure 10. The nicks are staggered so 
that the cutting edge is behind each nick. The 
nicked tooth does not cut one continuous chip, but 
breaks up the chip into a numbet of separate 
pieces. Each cutting ed^e produces a chip. A plain 
milling cutter has a standard size arbor hole to en- 
able it to be mounted on a standard size arbor. 
The size of the cutter is designated by the diameter 
of the cutter, width of the cutter, anct diameter o^ 
the hole. 

2-9. The side milling cutter is a plain milling 
cutter with teeth cut on both sides, as well as on 
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Figure 8. Sharpening formed cutters. 
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Figure 9. Plain milling cutters. 



the circumference of the cutter. You can see in fig- 
ure 1 1 that the portion of the cutter between the 
hub and the side of the teeth is thinner to provide 
additional chip clearance. These cutters are often 
used in pairs to mill parallel sides. This process is 
called straddle milling. Cutters over 8 inches in di- 
ameter ?re usually made with inserted teeth. The 
size designation is the same as for plain milling 
cutters. 

2-10. Half -side milling cutters, shown in figure 
1?,, are made particularly for jobs where only one 
side of the cutter is needed. These cutters have 
coarse, helical teeth on one side only so that heavy 
cuts can be made with ease. 

2-11. Side milling cutters whose teeth interlock 
(fig. 13) can be used to mill standard size slots. 
The width is regulated by inserting thin washers 
between the cutters. 

2-12. You can use a metal slitting saw to cut 
off work or to mill narrow slots. A metal slitting 
saw is similar to a plain or side milling cutter. The 
face width is usually less than %e ii^ch. This type 
of cutter usually has more teeth for a given diame- 
ter than a plain cutter. It is thinner at the center 
than at the outer edge to provide proper clearance 
for milling deep slots. Figure 14 shows a metal 
slitting saw with teeth cut in the circumferoice of 
the cutter only. Some saws, such as the one in fig- 
ure 15, have side teeth, which achieve better cut- 



ting action, break up chips, and prevent dragging 
when you cut deep slots. For heavy sawing in 
steel, there are metal slitting saws with staggered 
teeth, as shown in figure 16. These cutters are 
usually %e inch to % inch in thickness. 

2-13. You will use the screw slotting cutter 
(fig. 17) to cut shallow slots, such as those in 
screw heads. This cutter has fine teeth cut on its 
circumference. It is made in various thicknesses to 
correspond to American Standard gage wire num- 
bers. 

2- 1 4. You will use angle cutters to mill suriaces 
that are not at a rigiht angle to the cutter axis. You 
can use angle cutters for a variety of work, such as 
millmg reamer flutes and dovetail way;. On work 
such as dovetailing, where you cannot mount a 
cutter in the usual manner on an arbor, you can 
mount an angle cutter that has a threaded hole or 
is constructed like a shell end mill on the end of a 
stub or shell end mill arbor. When you select an 
angle cutter for a job you should specify type, 
hand, outside diameter, thickness, hole size, and 
an^e. 

2-15. There are two types of angle cutters: sin- 
gle and double. The single angle cutter, shown in 
figure 18, has teeth cut at an oblique angle with 
the one side at an angle of 90^ to the cutter axis 
and the other usually at 45'', ot 50"* or 80"*. The 
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Figure 10. Nicked tooth cutter. 
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solid cutters because they are cheaper to replace 
when they break or wear out. 

2-18. Inserted tooth face milling cutters, shown 
in figure 23, are similar to shell end mills in that 
they have teeth on the circumference and on the 
end. They are attached directly to the spindle nose 
and use inserted teeth made of carbide or an alloy 
steel. The teeth are replaceable. 

2-19. The T-slot cutter, figure 24, is a small 
plain milling cutter with a shank. It is designed es- 
pecially to mill the "head space" of T-slots. T-slots 
are cut in two operations. First, you cut a slot with 
an end mill or a plain milling cutter, and then you 
make the cut at the bottom of the sic* with a T- 
slot cutter. 

2-20. A Woodruff keyseat cutter, figure 25, is 
used to cut curved keyseats. A cutter less than IVi 
inches in diameter has a shank. When the diameter 
is gi eater than IVi inches, the cutter is usually 
mounted on an arbor. The larger cutters have stag- 
gered teeth to improve the cutting action. 

2-21. There are several types of gear cutters 
such as bevel, spur, involute, etc. Rgure 26 shows 
an involute gear cutter. You must select the cor- 
rect type of cutter to cut a particular type of gear. 
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Figure 11. Side milling cutter. 

double angle cutter, figure 19, has two cuttmg 
faces, which are at an angle to the cutter axis. 
When both faces are at the same angle to the axis, 
you obtam the cutter you want by specifymg the 
included angle. When they are at different angles, 
you specify the angle of each side with respect to 
the plane of intersection. 

2-16. A fluting cutter is a double angle form 
tooth cutter with the points of the teeth well 
rounded. It is generally used to mill flutes in ream- 
ers. Flv mg cutters are marked with the range of 
diameters they are designed to mill. 

2-17. You will use end mill cutters to mill slots, 
tangs, and the ends and edges of work. They have 
teeth cut ^ ^he end as well as on the circumfer- 
ence of the cutter. The cutters may be solid with 
two or more teeth. They may be the shell type. 
Figure 20 shows a two-lipped end mill. This cutter 
is especially adapted for milling slots without first 
drilling a hole. It should be operated at high speed. 
Figure 21 shows a center cutout end mill. You can 
use this cutter to mill work to a depth of cut equal 
to the length of the end teeth. Shell end mills, 
shown in figure 22, bridge the gap between solid 
end mills and face milling cutters. Shell end mills 
are attached at the end of a taper shank arbor. In 
most cases they are more economical than large 
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Figure 12. Half -side milling cutter. 
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Figure 13. Interlocking teeth side milling cutter. 



2-22. Yrn use a concave cutter, figure 27, to 
mill a convex surface and a convex cutter, figure 
28, to mill a concave surface. 

2-23. Corner rounding cutters, figure 29, are 
formed cutters which are used to round comers up 
to one-quarter of a circle. 

2-24. The sprocket wheel cutter, figure 30, is a 
formed cutter that is ased to mill teeth on sprocket 
wheels. 

2-25. The gear hob, figure 31, is a formed mill- 
ing cutter with teeth cut like threads cm a screw. 
You can use it for finishmg spur gears, helical 
gears, worm wheels, etc., and for cutting ratchets 
and spiined shafts. 

2-26. The fly cutter, as shown in figure 32, is a 
cutter that is often manufactured locally. It is a 
single-point cutting tool similar in shape to a lathe 
or shaper tool. It is held and rotated by a fly cutter 
arbor. You can grind this cutter to almost any 
form that you desire. There will be times when 
you will need a special formed cutter for a very 
limited number of cutting or boring operations. 



Figure 15. Slitting saw with side teeth. 

2-27. We have discussed a number of the more 
common types of milling machine cutters. For a 
more detaUed discussion of these and other types 
of cutters and their uses, consult the Machinery's 
Handbook, machinist publications, or the applica- 
ble technical order. We *.ow discuss the selec- 
tion of cutters. 

2-28. Selection, Each cutter can do one kind of 
job better than any other in a given situation. A 
cutter may not be limited to a specific milling op- 
eration, although this is true in some cases. In se- 
lecting the most suitable cutter for a particular 
milling operation, you must consider the kind of 
cut to be made, material to be cut, number of 
parts to be machined, and the type of milling ma- 
chine available. 

2-29. Another factor that affects a milling op- 
eration is the number of teeth in the cutter. It uie 
number is too great, the space between the teeth is 
so small that it prevents the free flow of chips. he 
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Figure 14. Metal slitting aaw. 
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Figure 16. Slitting saw with staggered teeth. 
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Figure 17. Screw slotting cutter. 



chip space should also be smooth and free of sharp 
corners to prevent clogging of the chips in the 
space. A coarse-tooth cutter is more satisfactory 
for milling material that produces a continuous 
and curled chip. The coarse teeth not only permit 
an easier Row of chips and coolant but help to 
elinunate chatter. A fine-tooth cutter is more satis- 
factory for milling a thin material. It reduces cut- 
ter and workpiece vibration and the tendency for 
the cutter teeth to **straddle" the work and dig in. 
As a general rule no more than two teeth at a time 
should be engaged in the cut, 

2-30. Still another factor that you should con- 
sider is the diameter of the cutter. Select the small- 
est diameter cutter which will allow the arbor to 





pass over the work without interference when the 
cut ic taken. As illustrated in figure 33, a small 
cutter requires less t'mc than a larger one to take a 
cut. 

2-31. Aibors. You can mount milling machine 
cutters on several types of holding devices. You 
must know what the devices arc and the purpose 
of each of them in order to make the most suitabl 
tooling setup for the operation you arc performing. 
We will cover the various types of arbors and the 
mounting and dismounting of arbors in this sec- 
tion. 





Figure 18. Single angle cutter. 



Figure 19. Double angle cut:er. 
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Figure 20. Two-!ippcd end mil!. 

Note: Technically, an arbor is a shaft on which 
a cutter is mounted. For convenience, since there 
are so few types of cutter holders that are not ar- 
bors, we will refer to all types of cutter holding de- 
vices as arbors. 

2-32. Types. There are several types of milling 
machine arbors. You use the common or standard 
types, shown in figure 34, to hold and drive cutters 
that have mounting holes. 

2-33. One of the arbor usually has a standard 
milling machine spindle taper of 3Vi incb'^s per 
foot. The largest diameter of the taper is idtatified 
by a number. For example, the large diameter of a 
number 40 milling machine spindle taper is 1% 
inches. The numbers representing common milling 
machine spindle tapers and their sizes are as fol- 
lows: 



Number 

10 
20 
30 
40 
50 
60 



Large Diameter 

% inch 
% inch 
VA inches 
inches 
inches 



2% 



4V4 inches 



2-34 Standard arbors are available in styles A 
and B, s shown in figure 34. Style A arbors have 
a pilot 'pe bearing, usually inch in diame- 
ter. Style B arbors have a sleeve type odtboard 
bearing. Numerals identify the outside diameter of 
the bearing sleeves, as follows: 



Sleeve Number 

3 
4 
5 



Outside Diameter 

l?i inches 
2V6 inches 
IYa inches 



The inside diameter can be any one of several 
standard diameters that are used for he arbor 



shaft. Style A arbors sometimes have a sleeve 
bearing that permits the arbor to be used as either 
a style A or a style B arbor. A code system, cofl- 
sisting of numerals and a letter, identities the size 
and style of the arbor. The code number is 
stamped into the flange or on the tapered portion 
of the arbor. The first number of the code identi- 
fies the diameter of the taper. The second (and if 
used, the third number) indicates the diameter of 
the arbor shaft. The letter indicates the type of 
bearing. The numbers following the letter indicate 
the usable length of the arbor shaft. Sometimes an 
additional number is used to indicate the size of 
sleeve type bearings. The meaning of a typical 
code number 5-1 V4-A-18-4 is as follows: 

5 = taper number - 50 (the 0 is omitted in the 
code) 

IV4 = shaft diameter - IV4 inches 
A = style A bearing - pilot type 
18 = usable shaft length - 18 inches 
4 = bearing size > 2v6 inches diameter 

Arbors that have very short shafts, such as the one 
shown in figure 35, are called stub arbors. Stub ar- 
bors are used when it would be impractical to use 
a longer arbor. 

2-35. You will use arbor spacing collars of var- 
ious lengths to position and secure the cutter on 
the arbor. The spacers are tightened against the 
cutter when you tighten the nut on the arbor. Re- 
member, never tighten or loosen the arbor nut un- 
less the arbor support is in place. To prevent the 
cutter from slipping, you insert a square key into 
the keyway formed by the keyseat that extends the 
full length of the arbor shaft and the keyseat in the 
cutter. 

2-36. Shell end mdl arbors, shown in figure 36, 
are used to hold and drive shell end mills. The 
shell end mill is fitted over the short boss on the 
arbor shaft. It is driven by two keys while it is held 
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Figure 21. End mill with center hole. 
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Figure 22. Shell end mills. 



against the face of the arbor by a bolt. You use a 
special wrench, shown in figure 36, to tighten and 
loosen the bolt. Shell end mill arbors are identified 
by a code similar to the standard arbor code. The 
letter C indicates a shell end mill arbor. The 
meaning of a typical shell mill arbor code 4-1 
Vi~C-% is as follows: 

4 = taper code number - 40 
IVi = diameter of mounting hole in end mill • V/2 
inches 

C = style C arbor - ^ell end mill 
% = length of shaft - % inch 

2-37. Fly cutter arbors are used to hold single- 
point cutters. These cutters, which can be ground 
to any desired shape, and held in the arbor by a 
locknut, as shown in figiire 32. Fly cutter arbor 
shanks may have a standard milling machine spin- 
dle taper, a Brown and Shape taper, or a Morse 
taper. 

2-38. Screw slotting cutter arbors are used with 
screw slotting cutters. The flanges provide support 
for the cutter and prevent the cutter from flexing. 
The shanks on screw slotting cutter arbors may be 
straight or tapered, as shown in figure 37. 



2-39. Screw arbors, shown in figure 38, are 
used with cutters that have threaded mounting 
holes. The threads may be left or right hand. 

2-40. Tape adapters are used to hold and dr^e 
taper-shanked tools, such as drills, drill chucks, 
reamers, and end mills, by inserting them into the 
tapered hole in the adapter. The code for a taper 
adapter indicates the Dumber representing the 
standard milling machine spindle taper and the 
number and series of the internal taper. For exam- 
ple, the taper adapter code number 43M means: 

4 = taper identification number - 40 
3M = internal taper - number 3 Morse 

If a letter is not included in the code number, the 
taper is understood to be a Brown and Sharpe. For 
example 57 means: 

5 = taper number - 50 

7 = internal taper - number 7 B and S 

and 50-10 means: 
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Figure 25. Woodruff kcyscat cutter. 

50 = taper identification number 

10 = xntercal taper - r umber 10 B and S 

F gurc 39 shows a typical taper adapter. Some 
cutter adapters are designed to be used with tools 
that have taper shanks and a cam locking feature. 
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Figure 26. Involute gear cutter. 




Figure 27. Concave cutter. 

The cam lock adapter code indicates the number 
of the external taper, number of the internal taper 
(which is usually a standard milling machine spin- 
dle taper aico), and the distance that the adapter 
extends from the spindle of the machine. For ex- 
ample, 50^20-3 % inches means: 

50 = taper ide-^fification number (external) 
20 = taper ideu ^ication number (internal) 
3% = distance adapter extends from spindie is 
3% inches 

2-41. Cutter adapters, such as the one shown in 
figure 40, are similar to taper adapters except that 
they always have straight, rather than tapered 
holes. They are used to hold straight shank drills, 
end mills, etc. The cutting tool is secured in the 
adapter by a setscrev. The code number indicates 
the number of the taper and the diameter of the 
hole. For example, 50-% means that the adapter 
has a number 50 taper and a ^s-inch-Kiiameter 
hole. 

2-42. Spring collet chucks, shown in figure 41, 
are used to hold and drive straight-shanked tools. 
The spring collet chuck consists of a collet 
adapter, spring collets, and a cup nut. Spring col- 





Figure 28. Convex cutter. 
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Figure 29. Corner rounding cutter. 



Figure 31. Gear hob. 



lets are similar to lathe collets. The cup nut forces 
the collet into the mating taper, ca »sing the collet 
to close on the straight shank of the tool. The col- 
lets are available in several fractional sizes. 

2-43. Mounting and dismounting. Mounting 
ai.J dismounting arbors are relatively easy tasks. 
Take care not to drop the arbor on the milling ma- 
chine table or floor. 

2-44. To mount an arbor, first place the spindle 
in the lowest speed, disengage the spindle clutch 
lever, and turn the motor switch off. To insure ac- 
curate alinement of the arbor inside the spindle, 
clean the spindle hole and the arbor shank thor- 
oughly. Stand near the column at a point where 




y^u can reach both ends of the milling machine 
spindle and aiine the arbor keyseats with the keys 
in the spindle. Insert the tapered shank of the 
arbor into the spindle. Hold the arbor in place 
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Figure 32. Fly cutter arbor and fly cutters. 

with one hand and screw the drawbolt into the 
arbor with your other hand. 

Note: Turn the drawbolt a sufficient number of 
turns to insure that the drawbolt extends into the 






Figure 30, Sproket wheel cutter. 
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SMALL DIAMETER CUTTER 



Figure 33. Cutter ^iemeter selection. 
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Figure 34. Standard milling machine arbors. 
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arbor shartk a distance approximately equal to the 
major diameter of the threads bei .sA. This will 
help to prevent stripping the threads on the draw- 
bolt or in the arbor 3hank when the jamnut is 
tightened. 

Hold the arbor in position uy pulling back on the 
drawbolt and tighten the jamnut by \and. Tighten 
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Figure 35. Stub arbor. 

tht jamnut with one wrench while you use a sec- 
ona wrench to keep the drawbolt from turning. 

2-45. To dismount an arbor, again place the 
spindle i^ the lowest speed, and turn the motor 
switch off. Loosen the jamnut approximately two 
turns. Use one wrench to turn the jamnut and an- 



AtlNEMENT BOSS 




Figure 36. S!«ell end mill arbor. 



other wrench to keep the drawboll from turning. 
Hold the arbor with one hand and gently tap the 
end of the drawbolt with a lead mallet until you 
feel the arbor break free. Hold the arbor iit place 
with one hand and unscrew the drawbolt with your 
other haad. Remove the arbor from the spindle. 

3. Indexing 

3-1. Indexing is the proces:, that you use to di- 
vide the circumference of a workpiece into a de- 
sired number of divisions. Fo'' example, you would 
use indexing to space gear :eth; flutes on taps, 
reamers, anJ cutters; and the sides of bolt heads. 



n 



FOR DRAW-IN ROD 



<rV-Vr 



1/ 



^ TAPt 



53-468 



Figure 37. Screw slotting cutter arbor. 

3-2. This section is divided into t vo parts. We 
will discuss the index head in the first part and the 
types of indexing in the second nart. 

3-3. IcdexHead. You usually do indexing with 
an index head, frequently called a dividing head. 
In addition to indexing work, you use the index 
head to mount work between centers and to rotate 
the work when you machit - helical flutes and gear 
teeth. Index heads are manufactured by several 
machine tool companies. They varj^ sLghtly in 
their construction, but they are all similar. You 
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Figure 38. Screw arbor. 




Figure 39. Taper adapter. 

should have little difuculty in applying the infor- 
mation we will discuss to the index head that you are 
using. You can find additional information per- 
taining to indexing in machinist publications, such 
as the Machinery's Handbook, Detailed informa- 
tion on a specific index head can be found in the 
manufacturer's manual. 

3-4. You must have a knowledge of the basic 
parts of an index head and their functions. You 
must know the methods which you will use to 
check the horizontal and vertical alinement of an 
index head spiudle. 

3-5. Basic parts. The basic parts of an index 
head arc the base plate, swivel block, spindle 
index crank, and index plate. Refer to figures 42 
and 43 as we discuss these parts. 

3-6. The base plate is the U-shaped casting that 
supports the rest of the index head. The base plate 
is fastened to the milling machine table by T-bolts. 
The index head is alined with the longitudinal axis 
of the milling machine table by keys which are fas- 
tened to the bottom of the base plate and extend 
into the T-slots of the table. If a right-angle plate 
is not available, you can remove the keys froin the 
mounting plate when it is necessary tc position the 
index nead at a 90'' angle to the longitudinal axis 
of ihe table. A large bearing in each upright of the 
base plate supports the swivel block. 

3 7. The swivel block contains the spindle and 
the worm and worm wheel that rotate the spindle. 
You can position th'* swivel block at any desired 
angle from slightly below the horizontal posiiion to 
a point beyond the vertical position by means of 
degree graduations on the swivt! block. The de- 
gree graduations vary between index heads from 
different manufacturers. Mhuy index heads have a 
^'ernier scale on the base plate, graduated in 5 
c;inutes of a degree, which enable you to position 
the swivel block (and the spindle) af any angle 
with accuracy. 

3-8. The spindle extends through the swivei 
block. An internal taper i*^ the spindle >vork end 



enables you to mount taper shank tools and cen- 
ters in the spindle. You can also mount chucks on 
the external work end of the spindle. The chucks 
are usually screwed onto the spindle or bolted di- 
rectly to a flange on the spindle. 

3-9. You use the index crank to rotate the 
index head spindle. This crank turns a shaft which 
is geared to the worm shaft. You must remove the 
index pin irom the hole in the index plate prior to 
turning the spindle index crank handle. You can 
aline the pin with the desired circle of holes by 
loosening the nut on the center shaft, shown in fig- 
ure 43, and sliding the shaft along the slot in the 
crank. Some pins, such as shown in figure 44, are 
positioned by loosening the nut on the crank and 
pivoting the portion of the crank that contains the 
pin. Remember to tighten the nrt after you posi- 
tion the index crank. 

3-10. The index plate, such as the one shown itt 
figure 45, is a disc that contains several concentric 
rings of holes. Each of the concentric rings has a 
different number of .loles. As you will sec when 
we discuss the types of ind'^xing, the difference in 
the number of holes is necessary in order to index 
the number of divisions th ^t may be required. Sev- 
eral different index plates are usually provided 
with each index head. The index plate is located 
behind the index crank. You must remove the 
index crank if you wish to change the index plate 
for one having a different number of holes. Some 
index plates, such as the one shown in figure 44, 
have a series of closely spaced notches in the edge 
of the plate. The notches permit you to aline holes 
in the index plate with the index pin when a pre- 
viously macMned surface is properly alined with 
the cutter but a hole does not aline with the pin. 
You use the notches in conjunction with the side 
plate stop. First, aline the machined surface vnih 
the cutter. Thtn, if a hole and index pin do not 
aline, loosen ^he side plate stop and rotate the 
index plate until a hole and the pin do alme. En- 
gage the side plate stop with a notch and tighten 
the stop. 
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Figure 40. Cutter adapter. 
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Figure 41. Spring collect chuck adapter. 



-P. AlinemenL Normally, the index head 
spindle must be in either the vertical or the hori- 
zontal position. You aline the index head spindle 
by loosening the swivel block clamps and tilting 
the swivel block to the desired position. If average 
accuracy is permissible, you can use the degree 
graduations on the swivel block to position the 
swivel block. When a higher degree of accuracy is 
required, use a dial indicator to obtain a reading 
along the length of a test bar held in the chuck. 
The indicator readings must be identical at both 
ends of the test bar. Unclamp and adjust the 
swivel block until you obtain iUentical readings. 
Check the alinement after you reclamp the swivel 
block. The clamping action may cause the block to 
shift slightly. The indicator can be clamped to the 
arbor, cutter, or any other suitable part of the mill- 
ing machine. When work is to be machined be- 
tween centers, the foolstock center shoul'l b^- at 
the same height as the index head center height. 
You can adjust the footstock center height by loos- 
ening the !ock scrf^w and adjusting the center ele- 
vating screw. You can visually check the center 
alinement by placing the point of the footstock 
center near the point of the index head center, by 
cricket marks on the footstock, or by means of a 
dial indicator and a test bar. Pla:;e the test bar be- 
tween the centers and raise or lower the footstock 
center until you obtain identical readings at both 
ends of the test bar. 

3-12. Types of Indexiiig. Direct, plain, and de- 
gree indexing are methods of indexing that you 
may use. The method you select will depend 



upon the number of divisions required and the 
method that you use to measure die spacing be- 
tween the divisions. The following information will 
help you understand when to use and how to per- 
form the various types of indexing. 

3-^3. Direct, Direct indexing is the simplest 
means of dividing a workpiece into a required 
number of equal divisions. You use a plate, such 
as the one shown in figure 46, to divide the ^ork. 
Simply rotate the work until the ( jrrect hole is 
alined with the index pin. The direct index plate is 
usually located directly behind the chuck or is a 
part of the spindle. A special index pin is used for 
direct i;idexing. Therefore, you do not use the 
index pin on the crank. Most index heads have a 
provision for disengaging the worm and worm 
wheel so that the work and spindle can be rotated 
by hand. You can use a p'ate with 24 evenly 
spaced holes, such as the one shown in figure 46, 
to index any number of divisions that can be di- 
vided evenly into 24, for example, 2, 3, 4, 6, 8, 
etc. Dividing 24 by the number of divisions de- 
sired gives the number of holes that you should ro- 
tate the spndle. For example, if you desire to 
machine a hexagoiial head on a bolt, divide the 
number of holes on the index plate (24) by *he re- 
quired number of divisions (6). Therefore, you 
must rot« te the work four holes for each of the six 
sides. 

Note: Do not count the hole that the pin is in 
when you begin counting. 

3-14. Plain, You use plain indexing when you 
cannot obtain the required number of divisions by 
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D. SECTOR ARAAS H. SIDE PUTE STOP 

Figure 42. Universal index head. 



direct indexing. In plain indexing you rotate the 
work by turning the index crank. The ratio be- 
tween the crank and the spindle is usually 40 to 1. 
This means that the work rotates i/4o of a turn for 
each full turn of the index crank. Stated anoth'*r 
way, it requires 40 turns of the index crank to ro- 
tate the work one complete revolution. Therefore, 
to determine the number of revolutions of the 
index crank, you must divide 40 by the number of 
divisions required. For example, io divide the 
work into 2 divisions you woidd rotate the index 
crank 20 full turns; and to obtain 4 divisions, 10 
full turns, etc. Rings of holes, called hole circles, 
are used when the index crank must rotate a por- 
tion of a turn. If a fraction remains after you have 
divided 40 by the number of divisions desired, the 
numera«^or indicates the number of holes to use 
and the denominator indicates the number of holes 
in the hole circle Suppose that you are making a 
special bolt for an aircraft part and arc ready to 
mill the hexagonal head. How many turns of the 
index crank are required to place each of the six 
sides in the pioper position? 



40 6 = 6% turns 

You would move the index crank % o.^ a turn by 
moving it 4 holes in a 6-hole .^ircle, if you have an 
index plate that has a 6-hole ciicle. Normally, you 
will not have such a plate. Therefore, you must 
change the fraction to an equivalent fraction that 
hfia a denominator equal to an available hole cir- 
cle. If a 24-hole circle is available, you could ob- 
tain the % turn by moving the index crank 16 
holes in the 24-hole circle, since: 

Therefore, to mill the hexagonal bolt head, you 
would turn the index crank 6 full turns and 16 
holes in ^ 24-hole circle for each of the six sides 
3-15. Do not change the index plate until you 
have checked to insure that none of the hole cir- 
cles on the index plate mounted on the index head 
are suitabb for use. For example, your calcula- 
tions may indicate that you must move the index 
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Figure 43. Sectional view of a universal index head. 
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Figure 44. Wide range index head. 
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crank 3 holes in an 18-hole circle. Perhaps the 
mounted plate has a 36-hole or a 54-hole circle 
which you could use and thus you would not have 
to expend time and effort needlessly changing the 
plate. The sector arms, shown in figure 45, are 
time-saving devices that eliminate the need for 
counting the holes for each division. You adjust 
the sector arms so that the index pin and the re- 
quired number of holes are located between their 
beveled sides. The arms are locked at the desired 
setting by tightening the setscrew shown in figure 
45. Then, you position the section formed by these 
arms by moving it in the direction of the index 
crank rotation until one sector arm contacts the 
index pin. After you have turned the index crank 
the required number of full turns, continue turning 
the index crank until the index pin is positioned 
next to the other sector arm. 

3-16. Degree. Degree indexing is indexing 
when the spacing between holes or surfaces is in 
degrees rather than in divisions. You can use di- 
rect indexing when the number of degrees you de- 
sire can be divided into 360** and when the quo- 
tient you obtain can be divided evenly into the 
number of holes on the direct indexing plate. For 
example*, to divide the work into 30° divisions, 
divide J60° by 30. The quotient 12 indicates that 
you must divide the work into 12 divisions that are 
30° apart. Now divide 24 (the number of holes on 
the direct index plate) by 12 (the number of divi- 
sions). The quotient (2) indicates the number of 
holes that you use to index 30° on the direct 
index plate. 

3-17. When it is necessary to divide work into 
degrees by plain indexing, remember that one turn 



of the index crank will rotate the work Y^q of 
revolution. Since one revolution of the work equals 
360°, one turn of the index crank would revolve 
the work of 360°, or 9°. Therefore, % of a 
turn of the index crank would revolve or index the 
work 1°. When you select the dividing head index 
plate for degree indexing a workpiece, 2 holes in 
an 18-hole circle index the work 1°; 1 hole in a 
27-hole circle indexes VS°; 6 holes in a 54-hole 
circle indexes 1°; 4 holes in a 54-hole circle in- 
dexes Vi°; an J 2 holes in a 54-hole circle indexes 
V3 °. To determine the number of turns and parts 
of a turn of the index crank required to index 
work the desired number of degrees, you should 
divide the number of degrees to be indexed by 9. 
The quotient represents the number of complete 
turns and fraction of a turn that the index crank 
should be rotated. The sector arms are set for the 
number of holes that give the desired fraction of a 
turn. The calculation for indexing work 15° using 
an index plate with a 54-hole circle is as follows: 

1% = 1% = 18%4 

or one complete turn of the index crank and 36 
holes in a 54-hole circle. The calculation for in- 
dexing work 131^° using the 18-hole circle of an 
index plate is as follows: 

X ^ = % = 1%8 

or 1 complete turn iJid 9 holes in an 18-hole cir- 
cle. 
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CHAPTER 2 



Milling Machine Operations 



THE MILLING MACfflNE is one of the 
most versatile metalworking machines. It is 
capable of performing simple operations, such as 
milling a flat surface or drilling a hole, or of more 
complex operations, such as milling helical gear 
teeth. It would be impractical to attempt to discuss 
all of the operations that the milling machine can 
do. V/e will limit these machining operations to 
plain, face, and angular milling; milling flat sur- 
faces on cylindrical work; slotting, parting, and 
milling keyseats and flutes; and drilling, reaming, 
and boring. Even though we will discuss only the 
more common operations, you will find that by 
using a combination of operations, you will be able 
to produce a variety of wo A projects. We will con- 
clude the chapter by discussing the milling ma- 
chine attachments and gearing and gear cutting. 

4. Ploiii/ Fac*/ and Angular Milling 

4-1. Plain and face milling are the two basic 
milling machine operations. Both are mvolved in 
the milling of all flat surfaces. We will begin by 
discussing plain milling. 

4-2. Plain Milling. Plain milling is the process 
of milling a flat surface in a plane parallel to the 
cutter axis. You obtain the desired size of the work 
by individually milling each of the flat surfaces on 
the object. Plain milling cutters, such as the ones 
shown in figure 9, are used for plain milling. Select 
a cutter that is slightly wider than the width cf sur- 
face to be milled, if possible. Make the work setup 
before you mount the cutter. This precaution will 
prevent you from accidentally striking the cutter 
and cutting your hands as you set up the work. 
You can mount the work in a vise or fixture or 
clamp it directly to the milling machine table. You 
can use the same methods that you used to hold 
work in a shaper to hold work in a milling ma- 
chine. Clamp the work as close to the milling ma- 
chine coiumn as possible to permit mounting the 
cutter near the column. The closer you place the 
cutter and work to the column, the more rigid the 
setup will be. 



4-3 We will explam how you could machine a 
rectangular work blank (for example, a spacer for 
an engine test stand). You would first mount the 
vise on the tab^e and position the vise jaws parallel 
to the table length. 
Note: The graduations on the vise are accurate 
enough because we are only concerned with ma- 
chining a surface in a horizontal plane. 

Next, place the work in the vise, as shown in fig- 
ure 47,A. Select the proper milling cutter and 
arbor. Wip)e off the tap>ered shank of the arbor and 
the tapered hole in the spiudle with a clean cloth. 
Mount the arbor in the spindle. Clean and position 
the spacing collars and place them on the arbor in 
such a way that the cutter is above the work. Place 
a square key in the arbor keyseat. Wipe off the 
milling cutter and any additional spacing collars 
that may be needed. Then place the cutter, the 
spacers, and the arbor bearing on the arbor, with 
the cutter keyseat alined over the key. The bearing 
should be located as close to the cutter as possible. 
Make sure that the work and vise will clear all 
parts of the machine. Install the arbor nut and 
tighten it fingertight only. Position the overarm 
and mount the arbor support. No^*, tighten the 
arbor nut with a wrench, after the arbor has been 
supported. 

4-4. Set the spindle directional control lever to 
give the required direction of cutter rotation. De- 
termine the required speed and feed, and set the 
spindle speed and feed controls. Set the feed trip 
dogs for the desired length of cut and center the 
work under the cutter. Lock the saddle. Engage 
the spindle clutch and pick up the cut. Pick up the 
surface of the work by holding a long strip of 
paper between the rotating cutter and the work 
and very slowly movirj the work toward the cutter 
until the paper strip is pullcH between tl.e cutter 
and the work. BE CAREFUL! Keep your fingers 
away from the cutter. A rotating milling cutter is 
very dangerous. 

4-5. Move the work longitudinally away from 
the cutter and set the vertical feed graduated collar 
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Figure 47. Maciiining sequence to square a block. 

at ZERO. Compute the depth of the roughing cut 
and raise the knee this di^^tance. Lock the knee, 
and direct the coolant low on the work and cutter. 
Position the cutter to within iiich of the work. 
Use hand table feed until you become proficient. 
Then engage the power feed. After the cut is com- 
pleted, stop the spindle. Return the work to its 
starting point on the other side of the cutter. Then 
raise the table the distance required for the finish 
cut. Set the finishing speed and feed, and take the 
finish cut. When you are done, stop the spindle, 
and return the woik to the opposite side of the cut* 
ter. Deburr the work, and remove it from the vise. 

4-6. To machine the second side, place the 
work in the vise as shown in figure 47,B. Rough 
and finish machine side 2, using the same proce- 
dure ^ that you u:>ed for side 1. When you have 
completed side 2, deburr the surface, and remove 
the woik from vise. Place the work in the vise, as 
shown in figure 47,C, with side 3 up. Then rough 
machine side 3. Finish machine side 3 " r a short 
distance, disengage the spindle and feed, and re- 
turn the work to the starting point, clear of the 
cutter. Now you can safely measure the distance 
between sides 2 and 3. If this distance is correct, 
you can continue the cut with the same setting. If 
it is not, adjust the depth of cut as necessary. If the 
trial finishing cut is too deep, you will have to re- 
move the blacklash from the vertical feed before 
taking the new depth of cut. You do this by lower- 
ing the knee well past the original depth of the 
roughing cut. Then raise the knee back to the set- 
ting used for the roughing cut. Now you laise the 
knee the correct distance for the finishing cut and 
engage the feed. After this cut, stop the spindle 
and return the work to the starting point on the 
other side of the rutter . Deburr the work and re- 
move it from tiie vise. Side 4 is placed in the vise, 
^ aa shown in figure 47,D, and machined, using the 
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same procedures as for side 3. When you have 
completed side 4, remove the work from the vise 
and check it for accuracy. 

4-7. This completes the machining of the four 
sides of the block. If the block is not too long, you 
can rough and finish mill the ends to size in the 
same manner in which you milled the sides. This is 
done by placing the block on end in the vise. An- 
other method of machining the ends is by face 
milling. 

4-8. Face MflUng. Face mUling is the milling 
of surfaces that are perpendicular to the cutter 
axis, as shown in figure 48. You do face milling to 
produce flat surfaces and to machine work to the 
required length. In face milling, the leed can be ei- 
ther horizontal or vertical. 

4-9. Cutter setup. You can use straight shank 
or taper shank end mills, shell end mills, or face 
milling cutters foi face milling. Select a cutter that 
is slightly larger in diameter than the thickness of 
the material that you are machining. If the cutter 
is smaller in diameter than the thickness of the 
material, you will be forced to make a series of 
slightly overlapping cuts to machine the entire sur- 
face. Mount the arbor and cutter before you make 
the work setup. Mount the cutter by any means 
suitable for the cutter you have selected. 

4-10. Work setup. Use any suitable means to 
hold the work for face milling, provided that the 
cutter clears the workholding device and the mill- 
ing machine table. You can morr* the work on 
parallels, if necessary, to prov? . clearance be- 
tween the cutter and Uie table. Ft i the work from 
the side of the cutter that will cause the cutter 
thrust to force the work down. If you hold the 
work in a vise, position the vise so that the cutter 
thrust is toward the solid jaw. The ends of the 
work are usually machined square to the sides of 
the work. Therefore, you will have to aline the 
work properly. If you use a vise to hold the work, 
you can aline the stationary vise jaw with a dial in- 
dicator, as shown in figure 49. You can also use a 
machinist square and a feeler gage, as shown in 
figure 50. 

4-11. Operation, To face mill the ends of work, 
such as the engine mounting block that we di - 
cussed previously, you should first select and 
mount a suitable cutter. Then mount and position 
a vise on the milling machine table, as shown in 
figure 48, so that the thrust of the cutter is toward 
the solid vise jaw. Aline the solid vise jaw square 
with the column of the machine, using a dial indi- 
cator for accuracy. Now mount the work in the 
vise, allowing the end of the work to extend 
slightly beyond the vise jaws. Raise the knee until 
the center of the work is approximately centered 
with the center of the cutter. Lock the knee in po- 
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Figure 48. Face milling. 



4-12. Set the machine for the proper roughing 
speed, feed, and table travel. Start the spindle and 
pick up the end surface of the work by hand feed- 
ing the work toward the cutter. Place a strip of 
paper between the cutter and the work, as shown 
in figure 51, to help pick up the surface. Once the 
surface is picked up, set the saddle feed graduated 
dial at ZERO. Move the work away from the cut- 
ter with the table anu direct tiic '^oolant flow on 
the cutter. Set the roughing depth of cut, usirj the 
graduated dial, and lock the saddle. Position the 
work to about ^/loth inch from the cutter, then en- 
gage the power feed. After the cut is complete, 
stop the spindle, and move the work back to the 
starting point before the next cut. 

4-13. Set the speed and feed for the fmishing 
cut, and then unlock the saddle. Move it in for the 
final depth of cut, and relock it. Engage the spin- 
dle and take the finish cut. Then stop the machine 
and return the work to the starting place. Shut the 
machine off. Remove the work from the vise. 
Handle it v. .y carefully to keep from cutting your- 
self before you can deburr the work. Next, mount 



the work in the vise so that the other end is ready 
for machining. Mill this end in the same manner as 
the first, only now you have to measure the length 
before taking the finishing cut. Before removing 
the work from the vise, check it for accuracy and 
emove the burrs from the newly finished end. 

4- 14. Angnlar Mifling. Argular milling is the 
milling of a flat surface that is at an angle to the 
axis of the cutter. You can use an angular milling 
cutter, as shown in figure 52. However, you can 
perform angular milling with a plain, side, or face 
milling cutter by positioning the work at the re- 
quired angle. 

5. Milling Flof SurfocM on Cyllndricol Work 

5- 1. Many maintenance or repair tasks involve 
machining flat surfaces on cylindrical work. These 
tasks include milling squares and hexagons, and 
milling two flats in same plane. 

5-2. Squares and Hex< ^ona. You will machine 
squares and hexagons frequently on the ends of 
bolts, taps, reamers, or other items that are turned 
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SOLID JAW 

Figure 49. Alining vise jaws using an indicator. 

by a wrench and on drive shafts and other items 
that require a positive drive. The following infor- 
mation will help you to understand the machining 
of squares and hexagons. 

5-3. Cutter setup. The two types of cutters you 
will use most often to machine squares or hexa- 
gons are side and end milling cutters. You can use 
side milling cutters to machliie work that is held in 
a chuck, and for heavy cutting. You can use end 
mills for work that is held in a chuck or between 
centers, and for light cutting. If you use a side 



milling cutter, be sure that the cutter diameter is 
large enough to permit machining the full length of 
the square or hexagon without interference by the 
arbor. If you use an end mill, it should be slightly 
larger in diameter than the length of the square or 
hexagon. The cutter thrust for both types should 
oe up when the work is mounted vertically and 
down when it is mounted horizontally in order to 
use conventional (or up) milling. The reason for 
what appears to be a contradiction in the direction 
of thrust is the difference in the direction of the 
feed. You can see this by comparing figures 53 
and 54. The cutter shown in figure 53 rotates in a 
counterclockwise direction and the work is fed to- 
ward the left. The cutter shown in figure 54 ro- 
tates in a clockwise direction and the work is fed 
upward. 

5-4. Work setup. We have already discussed 
the methods that you will usually use to mount the 
work. Regardless of the workholding method that 
you use, you must aline the index spindle in either 
the vertical or horizontal plane. If you are machin 
ing work between centers, you must also aline the 
footstock center. If you use a screw-on chuck, take 
into consideratioa the cutter rotary thrust applied 
to the work. Always cut on the side of the work 
which will tend to tighten the chuck on the index 
head spindle. When you mount work between cen- 
ters, a dog rotates the work. The drive plate, 
shown in figure 55, contains two lock screws. One 
lock screw clamps the drive plate to the index cen- 
ter and insures that the drive plate moves with the 
index spindle. The other lock screw clamps the tail 
of the dog against the side of the drive plate slot as 
shown in figure 55,A. This eliminates any move- 
ment of the work during the machining operation. 
It may be necessary, especially if you are using a 
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Figure 50. Alining vise jaws using a square. 
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Figure 51. Picking up the work surface. 

short end mill, to position the index head near the 
rear edge of the table to insure that cutter and 
work make contact. 

5-5. Calculations. The following information 
will help you determine the amount of material 
that you must remove to produce a square or a 
hexagon. The dimensions of the larg'ist square or 
hexagon that you can machine from a piece of 
stock must be calculated. 

5-6. The size of a square, H, in figure 56, is 
measured across the flats. The largest square that 
you can cut from a given size of round stock 
equals the diameter of the stock in inches (which 
is also the diagonal of the square) times 0.707. 
This may be expressed as: 

H = G X 0.707 

The diagonal of a square equals the distance 
across the flats times 1.4H. This is expressed as: 

G = H X 1.414 

The amount of material that you m ist remove to 
machine each side o' the square is equal to one- 
half the difference between the diameter of the 
stock and the distance across the flats. Thus: 



You use the same formula (I = ^ ) de- 
termine the amount of material to remove when 
you are machming a hexagon. 

5-7. The size of the largest hexagon that you 
can machine from a given size of round stock (H 
in fig. 57) is equal to the diagonal (the diameter 
of the stock) of the hexagon times 0.866 inch or: 



G = H X 0.866 

The diagonal of a hexagon equals the distance 
across the flats times 1.155, or: 

G = H X 1.155 

The length of a flat is equal to one-half the length 
of the diagonal, or: 




5-8. Operations. A square or hexagon is milled 
on an object to provide a positive drive, no-slip 
area for various tools, such as wrenches and 
cranks. Two examples would be the heads of bolts 
and the square on taps and hand reamers. We will 
explain two methods of machining a square or 
hexagon: machining work mounted in a chuck and 
machining work mounted between centers. 

5-9. Machining a square or hexagon on work 
mounted in a chuck can be done by using either a 
side milling cutter or an end mill. We will discuss 
using the side milling cutter first. Before placing 
the index head on the milling machine table, be 
sure that the table and the bottom of the index 
head have been cleaned of all chips and other for- 
eign Tiatter. A thiu film of clean machine oil 
should be spread over the area of the table to 
which the index head will be attached, to prevent 
corrosion. 

Note: Because most index heads are quite 
heavy and awkward, you should get someone to 
help you place it on the milling machine table. 

After the index head is mounted on the table, posi- 
tion the spindle in the vertical position, as shown 
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Figure 54. Milling a square on work held horizontally. 

in figure 53. Use the degree graduations on the 
swivel block. This is accurate enough for most 
work requiring the use of the index head. The ver- 
tical position also means that the work will feed 
horizontally. 

5-10. You should now tighten the work in the 
chuck to keep it from turning due to the cutter 
thrust. The arbor, cutter, and arbor support should 
now be installed. The cutter should be as close to 



the column as practical. Remember, this is done so 
that the setup will be more rigid. Set the machine 
for the correct roughing speed and feed. With the 
cutter turning, pick up the cut on the end of the 
work. Then move the work sideways to clear the 
cutter and tdise the knee a distance equal to the 
length of the flat surfaces to be cut. Now, move 
the table toward the revolving cutter and pick up 
the side of the work. Use a piece of paper in the 
same manner as discussed earlier in this chapter. 
Set the crossfeed graduated dial at ZERO, and 
move the work clear of the cutter. Remember, the 
cutter should rotate so that the cutting action takes 
place as in "up milling." Feed the table in the re- 
quired amount for a roughing cut, aud engage the 
power feed and coolant flow. When the cut is fin- 
ished, stop the spindle, and return the work to the 
starting point. 

5 1! Loosen the index head spindle lock, and 
rotate the work one-half revolution with the index 
crank. Tighten the index head spindle lock, and 
take another cut on the work. When this cut is fin- 
ished, stop the cutter aud return the work to the 
starting point. Measure the distance across the 
flats to determine whether the cutter is removing 
the same amount of metal from both sides of the 
work. If not, check your calculationr, and the 






Figure 56. '^lagram of a square 
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setup, as a mistake may have been made. If the 
work measures as it should, loosen the index head 
spindle lock and rotate the work one-quarter revo- 
lution, tighten the lock, and take another cut. Then 
return the work to the starting point again, loosen 
the spindle lock, rotate the work one-half revolu- 
tion, and talr 4e fourth cut. Return the work 
again 10 the starting point, and set the machine for 
finishing speed and feed. Now, fmish machine op- 
posite sides (x and 3), us;ng the *ame procedures 
already mentioned. Check the distance across these 
sides. If it is correct, finish machine the two re- 
mainirg sides. TL^n deburr tbe ^^'ork aiid check it 
for accuracy. 




Fi^rc '7. Diagram of a hexagon. 



Figure 58. Alining the work and cutter. 

Note: You can also machine a square or hexa- 
gon with the indw.. .lead spindle in the horizon- 
tal position, as shown in figures 54 and 55. If 
you use the horizontal setup, you must feed the 
work ver»»cally. 

5-12. Machining a square or hexagon on work 
mounted r^tween centers is done in much the 
same maijier as m holding the work in a chuck. 
The index head is mounted the same way, only 
with the spindle in a horizontal position. The feed 
will be in a vertical direction. Insert a center in the 
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SURFACE GAGE 
Figure 59. Layout of work. 
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spindle and aline -t vvith the footstock center. Then 
select and mount he desired end mill, preferaWv 
one whose diameter is slightly greater than the 
length of the flat you are to cut, as shown in figure 
55 

5-13. Moi the work between centers. Make 
sure that th- ^rive dog is holding the work se- 
curely. Set the machine for roughing speed and 
feed. Pick ip the side of the work and set the 
graduated crossfeed dial at ZERO. Lower the 
work until the cutter clears the footstock and move 
the work until the end of the work is clear of the 
cutter. Aline the cutter with the end of the work. 
Use a square head and rule, as shown in figure 58. 

Note: Turn th( machine off before alining the 

cul.er by this method. 

Now move the table a distance equal to the length 
of tl" fla desired. Move the saddle the distance 
required for the roughing depth of cut. Feeding the 
work vertically, machine side 1. Low^^r the work 
below the cutter when the cut is complete. Loosen 
the Index head spindle lock, and index the work 
on3-jia!f revolution to machine the flat opposite 
skle 1. Tighten the lock, and engage the power 
feed. After the cut is complete, again lower the 
work bcl' W the cutter, and stop the cutter. N^eaii- 
ure the distance across the two flats to check the 
acc acy of the cuts. If it is correct, index ' e 
worn. one-quc*'ter revolution to machine another 
side. Then lower the work, index one-half revolu- 
tion, and machine the last side. Remember to 
lower the work below the cutter again. Set the ma- 
chine for finishing speed, feeds, and deptli of cut, 
and finish machine all the sides. Deburr the work 
and check it for accuracy. 

5-14. Two Flats in One Plane. You will often 
machine flats on shafts to serve as seats for set- 
screws. One flat is simple to machine. You can ma- 
chine it in any manner with a side or end mill, as 
long as you can mount the work propr .y. How- 
ever, machining two flats in one plane, sucn as the 
flats on the ends of a mandrel, presents a problem, 
since the flats must aline with each other. A simple 
method of machining the flats is to mount the 
work in a vise or on V-blocks in such a manner 
that you can machine both ends without moving 
the work once it has been secured. 

5-15. We will describe the method that is used 
when the size oi shape of the work requires reposi- 
tioning it in order to machine both flats. You 
should first apply 1' "^ut dye on both ends of the 
work. Then place , ork on a pair of V-blocks, 
as shown in figure 59. Set the scriber point of the 
surface gage to thu center height of the work. 
Scribe horizontal lines on both ends of the work, 
as illustrated in figure 59. Now mount the index 
head on the table with its spindle in the horizontal 
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position. Again, set the surface gage scriter point, 
but to the centerline of the index head spindle. In- 
sert the work in the index head chuck with the end 
of the work extended far enough to permit all re- 
quired ma<^hining operations. To aline the surface 
gage scriber point with the scribed horizontal line, 
rotate the index head spindle. Then lock the index 
head spindle in position. 

5-16. These flats can be milled with erther an 
end mill or a side milling cutter. 

Caution: Rotate the cutter m a direction that 
will cause the thrust to tighten the index head 
chuck on the spindle when you use a screw-on 
type chuck. 

Now, raise the knee with the surface gage stii. -^e* 
at center height until the c ^er centerline is alined 
with the scriber point. This puts the centerlines of 
the cutter and the \/ork in alinement with each 
other. Position the work so that a portion of the 
flat to be machined is located next to tuc cutter. 
Because of the shallow depth of cut, compute the 
speed and feed as if the cu were finishing cuts. 
After starting the machine, feed the work by hand 
so that the cutter contacts the side cf the work the 
scribed line is on. Now move thft work clear of the 
cutter and stop the spindle. Check to see if the 
greater portion of the cutter mark is above or 
below the layout line. Depending on its location, 
rotate the index head spindle as required in order 
to r^^ntcY the mark on the layout line. Once the 
mark is cent red, take light "cut and try" depth of 
cuts until the desired width of the flat is reached. 
Then machine the flat to the required length. 
When one end is completed, remove u;e work 
from the chuck. Turn the work end for end, and 
reinsert i: in the chuck. Machine the second flat in 
the s«me manner as you did the first. Deburr the 
work and ch^ jc It for accuracy. 

5- 17. Yo » can check the flats to see if they are 
in the same plane by placing a matched pair of 
parallels on a surface plate and placing one flat on 
e.^ch of the parallels. If the flats arc in the same 
plvnc, you ,vill not be able to wobble the work. 

6* .^lofting. Parting, ^nd Mflling K«ys«afs 
a.nd Flut^i 

6- 1 Slotting, parting, and milling keyseats and 
flutes are all operations that involve cutting 
grooves in the work. These grooves are of various 
shapes, lengths, and depths, depending on tL^ re- 
quirements of the job. They range from "'utes in a 
reamer io a keyseat in a snaft to the parting off of 
a piece of meta o a predetermined length. 

6-2. SloMiiig. You can cut Internal contours, 
such as internal gear;, and splines and six- or 
twelve-point sockets by slotting. Most slotting is 
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Figure 60. Slotting attachment. 

done with a milling machine attachment called a 
slotting attachment, as shown in figure 60. The 
slotting attachment is fastened to the milling raa- 
chine column and driven by the spindle. This at- 
tachment changes the rotaiy motion of the spindle 
to a reciprocal motion much like that of a 
shaper. You can vary the length of the stroke 
within a specified range. A pointer on the slotting 
attachment slide indicates the length of the stroke. 
You can pivot the head of the slotting attachment 
and position it at any desired angle. Graduations 
n the base of the slotting attachment indicate the 
angle at which the head is positioned. The number 
of strokes per minute is equal to the spindle RPM 
and is determined by the formula: 

Strokes per minute = ^ ^ 

k ngth of stroke 
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Figure 62. Alining an end mill with the work. 

The cutting tools which you use with slotting at- 
tachments are ground to any desired shape from 
high-speed steel tool blanks. These tools arc then 
clamped to the front of the slide or ram. You can 
use any suitable means for holding the work, but 
the most common method is to hold the work in 
an index head chuck. If the slotted portion does 
not extend through the work, you will have to ma- 
chine an internal recess in the work to provide 
clearance for the tool runout. ' hen it is possible, 
position the slotting attachmen' and the work in 
the vertical n^Mtion in order to provide the best 
possible vi^w of the cutting action of the tool. 

6-3. Ptuting. Use a metal slitting saw for saw- 
ing or paring operations and for milling deep slots 
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figure 61 Alining cuUe using a paper strip. 



Figure 63. Visual alinement of a cu^er. 
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in metals and in a variety of materials. Efficient 
sawing depends to a large extent upon the slitting 
saw you select. The work required of slitting saws 
varies greatly. It would not be efficient to use the 
same saw to cut very deep narrow slots, part thick 
stock, saw thin stock, or stw hard alloy steel. Soft 
metals, such as copper and babbit, or nonmetallic 
materials, such as bakelite, fiber, or plastic, re- 
quire their own styles of slitting saw. 

6-4. Parting with a slitting saw leaves pieces 
that are reasonably square and that require the re- 
moval of a minimum o. stock in finishing the sur- 
face. You can cut off a number of pieces of vary- 
ing lengths and with less waste of material than 
you could saw by hand. 

6-5. A coarse-tooth slitting saw is best fur saw- 
ing brass and for cutting deep slots. A fine-tooth 
slitting saw is best for sawin; thin metal, and a 
staggered-tooth slitting saw is best for making 
heavy deep cuts in steel. You should use slower 
feei?s and speeds to saw steels to prevent cutter 
breakage. Use conventional milling in sawing thick 
material. In sawing thin materia!, however, clamp 
the stock directly to the table and use down mill- 
ing. Then the slitting saw will tend to force the 
stock down on .le table. Position the work so that 
the slitting saw extends thiough the stock and into 
a table T-slot. 

6-6. External Keyseat. Machining an external 
keyseat on a milling machine is less complicated 
than machining it on a shaper. In milling, sta.ung 
an external keyseat is no problem. You simply 
bring the work in contact with a rotating cutter 
and start cutting. It should not be difficult for you 
to picture in your mind how you would mill a 
straight external kty^'^at with a plain milling cutter 
or an end mill. If the specified length of the key- 
seat exceeds the length you can obtain by milling 
to the desired deptli, you can move the work in the 
direction of the slot to obtain the desired length. 
Picturing in your mind how you would mill a 
Woodruff keyseat should be easier. The secret is to 
select a cutter t! at has the same diameter and 
thickness as the kev. How you macliine internal 
keyseats will be ex^ lained in the section on inter- 
nal slotting. If your memory of ke\ seats and how 
to lay them out and calculate and measure their 
depth is a bit hazy, review the material on keyseats 
in the chapter on shaper work (Chapter 2 of Vol- 
ume 3). 

6-7. Straight external keyseats. Normally, you 
would use a plain milling cutter to mill a straight 
external keyseat. You could use a Woodruff cutter 
or a two-lipped end mill. 

6-8. Before you can begin milling the keyseat, 
you must aline the axis of the work with the mid- 
point of the width of the cutter. Figure 61 shows 



one method of alinement. Let us suppose that you 
are going to cut a keyseat w'Ui a plain milling cut- 
ter. Move the work until tiie side of the cutter is 
tangent to the circumference of the work. With the 
cutter turning very slowly and before contact is 
n^j^^e, insert a piece of paper between the work 
and the side of the cutter. Continue moving the 
work toward the cutter until *he paper begins to 
tear. When it does, lock the graduated dial at 
ZERO on the saddle feed *rew. Then lower the 
milling machine knee. Use cne saddle feed dial as a 
guide, and move the work a distance equLl to the 
radius of the work plus one-half the width of the 
cutter. 

6-9. You use a similar method to aline work 
with an end mill. When you use an end mill, move 
the work toward ihe cutter while you hold a piece 
of paper between the rotating cutter and the work, 
as shown in figure 62,A. After the paper tears, 
lower the work to just below the uottom of the end 
mill. Then move the work and saddle a distance 
equal to the radius of the work PLUS the radius of 
the end mill. Move the work up, using hand teed, 
until a piece of paper held between the work aud 
the bottom of the end mill begins to tear, as shown 
in figure 623- Then move the table and work 
away from the bottom of the end mill. Set and loc\ 
the graduated dial ?t ZERO on the vertical feed, 
and then feed up for the roughing cut. The cutter 
rpm and the longitudinal feed are computed in the 
same manner as for conventional milling cutters. 
Because of the higher speeds and feeds involved, 
more heat is generated, so the work and cutter 
should be flooded with coolant. 

6-10. When extreme accuracy is not required, 
you can aline the work with the cutter visually, as 
shown in figure 63. Position the work as near the 
midpoint of the cutter as possible by eye. Make 
the final alinement by moving the work in or out ? 
slight amount, as needed. The cutter should be at 
the exact center of the work diameter measure- 
ment on the steel rule. This method can be used 
with both plain milling cutters and end mills. 

6-1 1. Before you begin to machine the . ?yseat, 
you should measure the width of the cut. You can- 
not be certain that the width will be the same as 
the thickness of the cutter. The cutter may not run 
exactly true on the arbor or the arbor may not run 
exactly true on the spindle. The recommended 
practice is to nick the end of the work with the 
cutter and then measure the width of the cut. 

6-12. S deifications for the depth of cut are 
usuallv furnished. When specifications are not 
available, the total depth of cut for a square key- 
seat may be determined by means of the following 
formula and the dimensions in figure 64: 
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Figure 64. Keyseat dimensions for straight square key. 
Total depth of cut (T) = d + f, 



where 



w 

d = ^^P^ of keyseat 



f = 



= R - yjR* - { - height of arc 

W = widih of Kty 
R = radius of shaft 

The height of arc (f) for various sizes of shafts 
and keys may be found in chart 2. Keyseat dimen- 
sions for rounded end and rectangular keys may 
be obtained from the Macunery's Handbook. 
Keyseats may be checked for accuracy with rules, 
outside and depth micrometers, vernier calipers, 
and go-no-go gages. Chart 2 can be used for both 
square and Woodruff key seats, which will be ex- 
plained next. 

6-13. Woodruff keyseat. A woodruff key is a 
email half-disc of metal. The rounded portion of 
the key fits in the slot in the shaft, ^he upper por- 
tion fits into a slot in a mating part, such as a pul- 
ley or gear. You aline the work with the cutter and 
measure the width of the cut in exactly the same 
manner as for milling straight external keyseats. 

6-14. A Woodruff keyseat cutter h^s deep 
flutes cut across the cylindrical surface of the 
teeth. Figure 65 shows a Woodruff keyseat cutter. 
The cutter is slightly thicker at the crest of the 
teeth than it is at the center. This feature provides 
clearance between the s^des of the slot ana the cut- 
ter. Two-inch-diameter and larger cutters have a 
hole in the center for arbor mounting. On smaller 
cutters the cutter and the sh^jk arc one piece. 
Note that the shank is "necked u^' back of the cut - 
ting head to provide additional clearance. Also, 



note that large cutters usually have staggeied teeth 
to impiove the caning action. 

6-15. As you may remember, to mill a Wood- 
ruff keyseat in a shaft you use a cutter that h^ the 
same diameter and thickness as the key. Cutting a 
Woodruff keyseat is relatively simple. You simply 
move the work up into the cutter until you obtain 
the desired keyseat depth. The work may be held 
in a vise, chuck, bctv/een centers, or clamped to 
the milling machine table. The cutter is held on an 
arbor, or in a spring collet or drill chuck that has 
been mounted in the spindle of the milling ma- 
chine, as in figure 66. 

6-16. In milling the keyseat, the cutter is cen- 
trally located over the position in which the key- 
seat is to be cut and parallel with the axis of the 
work. The work should be raised by using the 
hand vertical feed until the revolving cutter iears a 
piece of paper held between the teeth of the cutter 
and the work. At this point the graduated dial on 
the vertical feed should be set at ZERO and the 
clamp on the table set. With the graduated dial as 
a guide, the work is raised by hand until the full 
depth of the keyseat is cut. Should specifications 
for the total depth of cut not be available, the cot- 
rec^ 'alue may be determined by ju^eans of the fol- 
lowing formula: 

Total depth (T) = d + i 

Where 



d (depth of the keyseat) = H - 

2 



H = total height of the key 
W = V '^thof thekey 

6-17. The most accurate way to check the 
depth of a Woodruff keyseat is to insert a Wood- 
ruff key of the correct size in the keyseat. Measure 
ovei the key and work with an outside micrometer 
to obtain the distance M in figure 67. The correct 
micrometer reading for measuring over the shaft 
and key can be determined by the formula: 



M = D + 



(W) 
(2) 



- f 



Where 



M = micrometer reading. 

D = diameter of sha;*t. 

W = width of key. 
f height of arc. 

Note: Tables in some references may d-'fer 
slightly from thi above calculation foi the value 
M, due to greater allowance for clearance at the 
top of the Key. 



Chart 2 

Values for Factor (f) for Various Sizes of Shafts 







WIOTH OF 


KEY IN 


INCHES 








DIAMETER 
OF SHAFT 
(INCHco) 


1/16 


3/32 


1/8 


d/32 


3/16 


7/32 


1/4 


5/16 










SHAFT SIZE 


FACTOR (f) 




1/2 


. 002 


. 004 


. 008 


. 012 


. 018 


. 025 


. 033 




5/8 


. 001 


. 003 


. 006 


. 010 


. 014 


. 019 


. 025 


, U4^ 


3/4 


. 001 


. 003 


. 005 


. 008 


. 012 


. 016 


. 022 


n A 


7/8 


. 001 


. 002 


. 004 


. 007 


. 010 


. 014 


. 018 


HOC 


1 


. 001 


. 002 


. 004 


. 006 


. 009 


. 012 


. 015 


. 024 


1 1/8 




. 002 


. 003 


. 005 


. 008 


. 01 1 


. 014 


. 022 


1 1/4 




. 002 


. 003 


. 005 


. 007 


. 010 


. 013 


. 019 


1 l/^ 




. 001 


. 002 


. 004 


. 006 


. 008 


. Oil 


. 016 


1 ^/4 




. 001 


. OOZ 


. oo: 


. 005 


. 007 


. 009 


. 014 



6-18. Sti-aight Flutes. The fluttj on cutting 
too;^ serve three purposes. They form the cutting 
edge for the tool, provide channels for receiving 
and discharging chips, and enable cooHnt to reach 
the cutting edges. The shape of the flute and tooth 
c''*.v;nds upon the cutter you use to machine the 
flute. The following information pertains specifi- 
cally to taps and rwamers. Since flutes are actually 
special purpose jrooves, you can apply much of 
the information to grooves in general. 

6-K/. Tap flutes. You usual)/ use a convex 
cutter to machine tap flutes. ITiis type of cuticr 
produces a "hooked" flute, as shown in figure 68. 
The number of flutes is determined b the diame- 
ter of the tap. Taps inch to 1 % inches in di- 
ameter usually have four flutes and taps 1 y% 
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inches (and larger) in diameter usually have six 
flutes. The width of the convex cutter should be 
equal to one-half the tap diameter. The depth of 
the flute is normally one-fourth the tap diameter. 
The minimum length of the full depth of the flute 
should be equal to the* length jf the threaded por- 
tion of the tap. Chart 3 lists the width of the cutter 
and the depth of the flutes for taps of various di- 
ameters. You usually mount the tap blank between 
centers and feed it longttudinallv past the cutter. 
For appearance sake, the flutes are usually cut ip 
the same plane as the sides of the square on tl^e 
tap blank. 

6-20. You can mill the flutes on a tap blank in 
the following manner. Mount and aline the index 
centers and set the surface ga^e to center height. 
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Figure 65. Woodruff keyscat cutter. 



Place the tap blank between the centers with one 6-21. Remove the tap blank, place a dog on the 

flat i the square on the tap shank Li a vertical po- shank, and remount the blank between centers 

sition. You can aline the flat with a square he id Then aline the scribed line with the point of the 

and blade. Scribe a line on the tap shank. surface gage scriber. Make sure that the surface 
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Figure 67. Dimensions for Woodruff keyseat. 



gage is still -^t center height. Mount the convex 
cutter. Make sure that the direction of '^e cutter 
rotation is correct for conventional (or U|- , milling 
and that the ihrust i.« toward the index head. Aline 
the center of the cutter with the axis of :he tap 
blank. Pick up the surface of the tap. Set the table 
trip dogs for the correct length of cut and set the 
machine for roughing speed and feed. 

6-22. Rough mill all flutes to within 0.015 inch 
to 0.020 inc'-' of t.ie correct depth. Set the machine 
for finishing speed and feed and finish machine all 
flutes to !he correct size. Remove the work, dt- 
burr, and c leck it for accuracy. 

6-23. Reamer flutes. Flutes may be milled on 
reamers with angular fluting cutters, but you nor- 
mally use special formed fluting cutters. The ad- 
vantages of the formed flute compared to the flute 
milled with in angular cutter are that the chips are 
more readily removed and the cutting tooth is 



Convex cun» 




CUTTER WIDTH V3 
TAP OIAMETEI 



KOOKEO FLJTE 



DEPTH OF FlUTE 
% TAf OI^METEK 




Figure 68. Hooked tap flutes. 
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Stronger. Also, the tooth is less likely to crack or 
warp during heat treatment. Formed reamer flut- 
mg cutters have a 6° angle on one side and a ra- 
dius on the other side. The size of the radius de- 
pends upon the size of the cutter. Reamer fluting 
cutters are manufactured in eight sizes. The size of 
the cutter is identified by a number (1 through 8), 
Reamers from V& inch to 3 inches in diameter are 
fluted by the eight sizes of cutters. The correct cut- 
ters for fluting reamers of various diameters are 
given in chart 4. You maciiine reamer teeth with a 
slight negative ralce to help prevent chatter. You 
obtain the negative rake by positioning the work 
and cutter slightly ahead of the reamer center, ac 
shown in figure 69. Chart 5 lists the recommended 
offset for reamers of various sizes. Straight reamer 
flutes are usually unequally spaced to help prevent 
chatter. You obtain the unequal spacing by index- 
ing the required amount as each flute is cut. The 
lecommended variation is approximated 2^. Ma- 
chinists' publications, such as the M hinerys 
Handbook, contain charts that list the number of 
holes to advance or retard the index crank to ma- 
chine a given number of flutes when you use a 
given hole circle. You normally mill the flutes in 
pairs. After you have machined one flute, index 
the work one-half revolution and mill the opposite 
flute. 

6-24. The depth of the flute is determined by 
trial and error. The approximate depth of flute i 
obtain the recommended width of land is one- 
eighth the diameter for an eight-fluted reamer, 
one-sixth the diameter for a six-fluted reamer, etc. 

6-25. You can machine the flutes on a hand 
reamer in oie following manner. Mount the reamer 
blank between centers and the reamer fluting 
cutter on the arbor. Aline t' point of the cutter 
with the reamer blank axis and just touch the sur- 
face of the reamer with the rotating cutter. Re- 
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Chart 3 
Tap Flute Dimensions 



Diameter of tap 
(inches) 


Width of cutter 
(inches) 


Depth of flute 
(inches) 


i/8 


1/16 


1/32 


1/4 


1/8 


1/16 


1/2 


1/4 


1/8 


3/4 


3/8 


3/16 


1 


1/2 


1/4 


1 1/4 


5/8 


5/16 


-L J./ ^ 


J/ 4 




1 3/4 


7/8 


7/16 


2 


1 


1/2 


2 1/4 


1 1/8 


9/16 


2 1/2 


1 1/4 


5/8 


2 3/4 


1 3/4 


11/16 


3 


1 1/2 


3/4 
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move the work blank, and then raise the table a 
distance equal to the depth of the flute plus one- 
half the grinding allowance. Rotate the cutter until 
a tooth is in the vcr'icil position. Then shut off the 
machine. 

6-26. Move the table until the point of the 
footstock center is alined with the tooth that is in 
the vertical position. Place an edge of a 3-inch rule 
against he 6° surface of the reamer tooth. Move 
the saddle until the edge of the 3-inch rule that is 
contacting the cutter tooth is alined with the point 
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Figure 69 Negative rake tooth. 



of the footstock center. In order to eliminate back- 
lash, move the saddle in the same direction it will 
be moved when you offset the cutter. Ccmtinue 
feeding the saddle until you obtain the desired 
amount of offset, then lock it in position. Move 
the table until the cutt^^ clears the end of the 
reamer blank. Then remocnt the blank between the 
centers. Calculate the indexing required to space 
the flutes unequally. Set the table feed trip dogs so 
that the minimum length of the full depth of flute 
is equal to the length of the reamer teeth. Rough 
machine all flutes. 
Note: Write down the exact indexing «hich 
you used for each of the flutes to avoid confu- 
sion when you ind-^x for the finish cut. 

6-27. Fly cutting. You will use a fly cutter 
when a formed cutter is required but is not availa- 
ble. Fly cutters are high-speed steel tool blanks 
that have been ground to the required shape. Any 
shape can be ground on the tool, provided that the 
cutting edges are given a sufficient amount of 
clearance. Fly cutters are mounted in fly cutter ar- 
bors, such as the one shown in figure 32. Use a 
slow feed and a shallow depth of cut to prevent 
breaking the tool. It is a good idea to rough out as 
much excess material as possible with ordinary 
cutters and to use the fly cutler to finish shaping 
the surface. 

7. Dr^!1lna, RMming, ond Boring 

'"-1. Tttiiling, reaminf, and b(mng arc opera- 
tions titat you can do very efficiently on a milling 
machine. The graduated feed screws make it possi- 
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Chart 4 
Reamer Fluting Cutter Numbems 





PpamPT* diam— 

ivC CI lUC L U X MlU 


Number of 


r'lit't'PT niimhpT 


pf'pr ^i^ncHps^ 


reamer flutes 


1 


1/8 to 3/16 


6 


2 


111* to 5/16 


6 


3 


3/8 to 7/16 


6 


4 


1/2 to 11/16 


6 to 8 


5 


3/4 to 1 


8 


6 


1 1/16 to 1 1/2 


10 


7 


1 9/16 to 2 1/8 


12 


8 


? 1/4 to 3 


14 
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ble to accurately locate the work in relation to the 
cutting tool. In each operation the cutting tool is 
held and rotated by the spindle and the work is fed 
into the cutting tool. 

7-2. Drilling and Reaming. You use the same 
drills ar.d reamers that you use for drilling and 
reaming in 'he lathe and drill press. Drills and ream- 
ers are helc in the spindle by the same methods 
that you use to hold straight and taper-shanked 
end mills. The work may be held in a vise, 
clamped to the table, held in fixtures or between 
centers, and in index head chucKc, as is done for 
milling. The speeds used for drilling ar ' reaming 
are determined in the same manner as for drilling 
and reaming in the lathe or drill press The work is 
fed into the drill or reamer either by hand or 
pc '^r Zeed. If the cutting tool is held in a horizon- 
tal position, the transverse or saddle feed is used. 

Chart 5 
Required Offset 




Size of reamer 
(inches) 


Offset of cutter 
(inches) 


1/4 


0.011 


3/8 


0.016 


1/2 


0.022 


5/8 


0.027 


3/A 


0.033 


7/8 


0.038 


1 


0.044 


1 1/4 


0.055 


1 1/2 


0.066 


1 3/4 


0.076 


2 


0.087 


2 1/4 


0.098 


2 1/2 


0.109 


2 3/4 


0.120 


3 


0.131 
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When the drill or reamer is held in a vertical posi- 
tion, as in a vertical type machine, you use the ver- 
tical feed. 

7-3. Boting. Of the three operations, the only 
one that warrants special treatment is boring. On a 
milling machine you usually bore hjles with an 
offset boring head. Figure 70 shows several views 
of an offset boring head and several boring tools. 
Note that the chuck jaws, which grip the boring 
bar, can be adjusted at t right an to the spindle 
axis. This feature makes u possible to accurately 
position the boring cutter to bore holes of varying 
diameters. This adjustment is more convenient 
than adjusting the cutter in the boring bar holder 
or by changing boring bars. 

7-4. Although the boring bars are the same on 
a milling machine as on a lathe or drill press, the 
manner in which they are held is different. Note in 
figure 70 that a boring bar holder is not used. 
The boring bar is bserted into in adapter, and the 
adapter is fastened in the hole in the adjustable 
slide. Power for driving the boring bar is transmit- 
ted directly through the shank. The elimination of 
the boring bar holder results in a more rigid bor- 
ing operation, but the size of the hole that can be 
bored is more limited than in boring on a lathe or 
drill press. 

7-5. Fly cutters, which we previously discussed, 
can also be used for boring, as shown in figure 71. 
A fly cuttci is especirlly useful for boring rela- 
tively shallow holes. I'ne cutting tool must be ad- 
justed for eaCii depth of cut. 

7-6. The speeds and feeds you should use in 
boring on a milling machine are comparable to 
those you would use in boring on a lathe or drill 
press and depend upon the same factors i hardness 
of the metal, kind of metal the cutting tool is made 
of, and depth of cut. Because the boring bar is a 
single-point cutting tool, the diameter of the arc 
throu^ which the tool moves is also a factor. For 
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Figure 70. Offset boring head ind tools. 



all of these reasons, you must guard against oper- 
ating at too great a speed or vibration will occu**. 

8. Milling Mrchin* At. thimntt 

8-1. Many attachments have been developed 
that increase the number of jobs a milling machine 
can do or that make such jobs easier to do. For in- 
stance, by using a vertical spindle attachment, you 
^an convert the horizontal spindle to a "ertical 
spindle machine and swi\el the cutter to any posi- 
tion in th^' vertical plane, as shown in figure 72. 
By using a universal milling attachmimt, you can 
swivel the cutter to any position in both the vcri- 
cal and horizontal planes. By using a high-speed 
universal attachment, you can perform milling op- 
erations at higher speeds than those for which the 
^ machine was designed. These attachments will en- 

ERIC 



able you to do more easily job© ivhich would oth- 
erwise be very complex. 

8-2. High-Speed Universal Attaclis:<!iit, This 
attachment is clamped to the machine and is 
driven by the milling machine spindle, as you can 
see in figure 73. The attachment spmdle head and 
cutter can be swiveled 360** in both planes. The 
attachment spindh is driven at a higher speed than 
the machine spindle. You must consider the rado 
between the rprn of the two spindles when you cal- 
culate cutter speed. Small cutters, end mills, and 
drills should be driven at a high rate of speed in 
order to maintain an efficient cutting action. 

8-3. Circular Mffling Attachmeiit This attach- 
ment, shown in figure 74, is a circular table that is 
mounted on the milling machine table. The cir- 
cumference of the table is graduated in degrees. 
Smaller attachments are usually equipped for hand 
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Figure 7 1. Boring with a fly cutter. 

feed only, and larger ones are equipped for both 
hand an power feed. This attachment may be 
used fr billing circles, arcs, segments, circular 
T-slots pnd internal and external gears. It may 
also be used for irregular form milling. 

8-4. Rack Mining Attachment The rack mill- 
ing attachmtnt, shown in figure 75, is used pri- 
marily for cuttmg teeth on racks, although it can 
be used for other operations. The cutter is 
mounted on a spindl-* that extends through the at- 
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Figure 72. Venial milling atuchmcnt. 



tachment parallel to the table T-slots. An indexing 
arrangement is used to space the rack teeth 
quickly and accurately. 

8-5. Ri^t-Angle Plate. The right-angle plate, 
shown in figure 76, is attached to the ta' ^e. The 
right-angle slot permits mounting the index head 
so that the axis of the head is parallel to the mill- 
ing machine spindle. With this attachment you can 
make work setups that are off center or at a right 
angle to the table T-slots. The standard size plate 
T-slots make it convenient to change from one set- 
ting to another for milling a surface at a right 
angle. 

8-6. Raising BlocL Raising blocks, sho^n in 
figure 77, aiC heavy-duty parallels, which usually 
come in matched pairs. They are mounted on the 
table and die index head is mounted on the blocks. 
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Figure 73. High-speed universal milling attachment. 

Tliis arrangement raises the index head and makes 
it possible to swing die head through a greater 
range to mill larger works 

8-7. Toolmaker's Knee. The toolmaker's knee, 
shown in figure 78, is a simple but useful attach- 
ment for setting up angular work, not only for 
milling but for shapes*, drill press, and grinder op- 
erations as well. You mount a toolmaker's knee, 
which may have either a stationary or rotatable 
base, to the table of the milling; machine. The base 
of the rotatable type is graduated in degrees. This 
feature enables you to machine compound angles. 
The toohnaker's knee has a tilting surface with 
ther a built-in protractor head graduated in de- 
grees for setting the table or a vernier scale for 
more .nirate settings. 
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Figure 74. Circular milling attachment 



9. Gearing and Gear Cutting Practices 

9-1. Special gear cutting machines are used by 
industry to manufacture grant quantities of gears. 
However, a single gear or a relatively small num- 
ber of gears may be cut on a milling machine. 
Many different types of gears are used to transmit 
motion, as shown in figure 79. For now, w*; will 
restrict our discussion to the spur gear, llie princi- 
ples of spur gearing apply to a great extent to 
other types of gearing. 

9-2. Spur gears have teeth that are parallel to 
the axis of the gear blank, as shown in figure 80. 
Compared to helical gears, spur gears are rela- 
tively simple to machine. Spur gears are noisier 
than helical gears and not as smooth running. You 
will usually machine spur gears with special form 
cutters called gear cutters. The cutter has the form 
of tY t space between the gear teeth, as shown in 
figure 80. The most important dimension, as far as 
milling a spur gear is concerned, is the pitch circle. 
However, all the dimensions of a gear are related 
to each other. You must know the other dimen- 
sions, or how to calculate them, in order to ma- 
chine an accurate gear. 

9-3. Spur Gear Terms* To understand spur 
gearing and to be able to machine a spur gear 
blank, you must ha\e a working knowledge of 
gearing terms. Many spur gear terms apply also 
to other types of gears. Figure 8' 11 help you to 
understand these terms. Refer to it frequently. 
Note: the smaller of two gears in mesh, or 
the smallest gear in a gear train, is called a pin- 
ion, or pinion gear. 



a. Pitch circle (PC) is a term that is commonly 
used to represent the pitch cylinders of a pair of 
gears. The pitch cylinders are the imaginary cylin- 
ders that roll one on the other when the gears are 
in mesh. 

b. Number of teeth (N) refe s to the teeth on 
the periphery of the gear. They can be easily 
counted on the sample gear or the drawing. 

c. Pitch diameter (D) is the diameter of the 
pitch circle. 

d. Diametral pitch (P) is the number of teeth 
per inch of pitch diameter. The diametral pitch de- 
termines the size of the gear teeth. Mating gears 
must have the same diametral pitch. 

e. Circular pitch (CP) is the distance from any 
point on one tooth to a corresponding point on an 
adjacent tooth measured on the pitch circle. 

/. Addendum (a) is the height of that portion 
of gear tooth that extends above the pitch circle. 

g. Clearance (c) is the radial distance between 
the top of the tooth and the bottom of the mating 
tooth space when two gears are in mesh. 

h. Dedendum (d) is th** depth of that portion 
of gear tooth that extends below the pitch circle. 

/. Outside diameter (OD) is the distance from 
the top of one tooth to the top of the tooth dia- 
metrically opposite. 

/. Center distance (CD) is the distance from 
the center of one gear to the center of the mating 
gear when the gears are in mesh, or the distance 
between the center of the shafts upon which the 
gears are mounted. 
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WORK HOLDING FIXTURE 



Figure 75. Rack milling attachment. 



k. Velocity ratio (VR) is the ratio between the 
speed of rotation of the mating gears. It is also the 
ratio between the number of teeth on the driven 
gear and tne driver gear. It is also the ratio of the 
pitch diameter of the larger gear and the driver 
gear. It is also the ratio of the pitch diameter of 
the larger gear to the pitch diameter of the pinion. 
If the ratio between two mating gears is 2 to 1, it is 
written as 2: 1. More information on gear formulas 
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Figure 76. Rigb*-angle plate. 



can be found in various technical publications, 
such as the Machinery's Handbook. 

9-4, Spur Gear Formulas* You must know the 
dimensions of a gear in order tc machine it. The 
following formulas will provide you with the infor- 
mation you need. You are already familiar with 
some of the terms, while some of i. em will be new 
to you. Refer to figures 81 and 82 as you study the 
following definitions: 

a. Circular pitch (cp) — The distance from a 
point on -^ne tooth to a corresponding point on an 
adjacent t<)oth measured on the pitch circle. 




cp = 



3.1416 



b. Diametral pitch (P) — ^The number of teeth 
(N) per inch of pitch diameter. 
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p = 



384 



N 
D 



or P = 



3.14!6 
cp 
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Figure 77. Raising blocks. 



c. Pitch diameter (D) — ^The diameter cf the 
pitch circle. 



D = 



N 



d. Addendum (a) — The distance from the 
pitch line to the top of the tooth. 



a = 



<?. Dedendum (d) — The distance from the 
pitch line to the root of the tooth. 



d = 



1.15'' 



/. Clearance (c) — ^The amount the tooth space 
is cut deeper than ths working depth. 



C = 



0.157 



g. Whole depth (W) — The working depth plus 
the clearance. 



V/ = 2l j, or W = a -h d, or W = 



2.157 



A. Working depth (Wd)— The depth in the 
space that the tooth of the mating gear extends. 
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Figure 78. foolmakcr^s knees. 
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WORM BEVEL 
Figure 79. Types of gears. 
Wd = 

P 

/. Tooth thickness (T) — The thickness of the 
tooth measured on the pitch circle. 

T = 

2 

/. Chordal thickness (CT) — The thickness of 
the toc*h on the chord that connects the ends of 
the pitch circle segment. 

Cr = D X sine $ 

k. Outside diameter (OD) — rne largest diame- 
ter of the gear. 

OD = D -h 2a, or OD = ^ ^ ^ 

/. Height of arc (H) — The distance from the 
chord of the pitch circle segment to the arc formed 
by the segment. 
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n. Theta {0) — The angle whose value is one- 
fourth of the angle subtended by the circular pitch. 



9 = 



90* 

N 



WORK 

CENTER OF 
CUTTER AND GEAR 




FEED- 



Figure 80. Milling a spur gear. 

H in D X ^ ^ — cosine e) 
2 

w. Corrected addendum (a') — The distance 
from the chord of the pitch circle segment to the 
top of the teeth. 

a' = a -I- H 



9-5. Maciiiiiiiig a Spur Gear. You must know 
the diametral pitch and the number of the teeth on 
the gear that you are cutting in order to select the 
proper cutter. Eight standard cutters are manufac- 
tured for each diametral pitch. Each cutter is iden- 
tified by a number. The cutter number and the 
number of teeth that the cutters machine are 
shown in chart 6. A cutter is shaped to accurately 
produce the fewest number of teeth in its range, 
while it is nearly correct for the other numbers in 
the range. A seiies of cutters, sizes IVi through 
7Vi, which fall between the standard cutter sizes, 
are available when the shape of the gear teeth ir^'t 
be more nearly perfect. You machine the teetL to 
size by picking up the surface of the gear blank 
with the cutter and machining the tooth space to 
the whole depth of the gear tooth. When more pre- 
cise dimensions are required, you can measure the 
tooth thickness with a vernier gear tooth caliper, 
such as the one shown in figure 82. The gear tooth 
caliper measures the thickness of the gear tooth at 
the pitch circle. Since the caliper measures a chord 
of the pitch circle, you must set the vertical scale 
for the corrected addendum (a'), as shown in fig- 
ure 82. The corrected addendum allows for the 
height of the arc (H). After setting the vertical 
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Figure 8 1 . Spur gear terms. 
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T = TOOTH THICKNESS 
T' = CORDAL THICKNESS 



Figure 82. Vernier gear tooth caliper. 
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scale for the corrected addendum, you measure the 
thickness of the tooth with the horizontal scale. 
You read the vernier scales in the same manner 
that you read a vernier caliper except that the sub- 
divisions represent 0.020 inch instead of the usual 
0.025 inch. Take cuts on adjacent sides of a tooth 
until you obtain the correct thickness and machine 
the remaining teeth with the same setting. 

9-6. Assume that you are to machine a gear 
blank for a 24-tooth 6-diametral-pitch spur gear. 
The calculations necessary to machine the teeth on 
a blank are as fallows : 

a. Number of teeth (N) (given) 24. 
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b. Diametral pitch (P) (given) 6. 

c. Outside diameter (OD). 
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_ N 4- 2 _ 24 + 2 



OD = 



d. Pitch diameter (D). 



4 333 inches 



D = 



N 
P 



24 
6 



e. Addendum (a). 



inches 



0.1666 inch 




Chart 6 
Involute Gear Cutter Numbers 



i ut ter nui.iber 


Number 


of gear teeth 


1 


From 


135 to rack 


7 




55 to 134 


3 




35 to 54 






26 to 34 


5 




21 to 25 


6 




17 to 20 






14 to 16 


8 




12 to 13 


/. Working depth (Wd). 


53 500 



Wd = 2a =r 0.3332 inch 



g. Circular pitch (cp). 



_ 3.1416 _ 



= 0.5236 inch 



h. Tooth thickness (T). 
T = cp = 0.5236 



0.2618 inch 



/. Whole depth of tooth ( W) . 



w 



2.157 



= 0 3595 inch 



/. Angle theta (0). 

9 = ^ = ^ 
n 24 



= 3* 45' 



k. Cosine 0 (trig table) = 0.99786. 
/. Heightof arc (H). 



pj _ D X ( 1 - cosin- _ 5 ^ (I - 0.99786) 



^ 6 X 0.00214 ^ 0.01284 ^ ,,^,2 inch 
2 2 

m. Corrected addendum (a'). 

a' = a -h H = 0.1666 -h 0.0642 -h 0.2308 inch 

n. Sine 0 (trig table) = 0.06540. 
o. Chordal thickness (CT). 

CT = D X sine 0 = 6 x 0.06540 = 0.39240 inch. 

p. Cutter number (24 teeth) 6 diametral pitch, 
number 5 (21 to 25). 

40 40 

q. Indexing ~- = ^ = 1% = 1 turn and 12 
holes in an 1 8-hole circle. 
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9-7. If you are required to manufacture a spur 
gear that will have 24 teeth and a 6-inch diametral 
pitch, you could do it in the following manner. If 
you are to use a universal milling machine, make 
sure that the table is set for zero taper. Get some- 
one to help you mount the index head on the 
table. Then mount the footstock and aline the cen- 
ters. Press the gear blank on a mandrel. Position 
the surface gage scriber point at center height and 
set it aside, taking care not to disturb the setting. 
Mount the gear blank and the mandrel between 
centers. Make sure that the thrust of the cutter is 
toward the larger diameter of the mandrel. 

9-8. Before proceeding further, you should 
check the concentricity of the gear blank with a 
dial indicator. Set up the indicator with the 
plunger contacting the circumference of the gear 
blank. Then rotate the blank and mandrel by 
hand. Using the centers as pivot points, find the 
location midway between the maximum and mini- 
mum runout. This location is then used as the ref- 
erence point for all measurements. The teeth on 
either side of this point will vary slightly in depth, 
but this variation will not normally affect the use 
of the gear. 

9-9. Cover the circumference of the gear blank 
near the reference point with layout dye. Then 
turn the index crank, rotating the work enough for 
the reference point to be at center height. Using 
the already set surface gage, scribe a horizontal 
line across the gear blank circumference. Index the 
blank a quarter turn so that the reference line is at 
top dead center. Then lock the index head spindle. 

9-10. Mount the correct arbor and gear cutter 
and place the cutter over the gear blank. Move the 
saddle until the cutter is alined by eye over the 
scribed line. Set the speed and feed for a roughing 
cut. The feed rate may have to be reduced, as the 
method of mounting the blank o^ the mandrel 
may cause it to slip when a heavy feed is used. 
While the cutter is rotating, slowly raise the table 
with hand power until the work lightly touches the 
cutter. Set the vertical feed dial to ZERO. Then 
lower the work from the cutter so that you can de- 
termine on which side of the layout line the cutter 
made contact. If the cutter is not quite on center, 
move the saddle in the required direction until it 
is. Until you become more experienced, it may 
take several tries to get the cutter centered. 

9-11. Once the work is centered under the cut- 
ter, move the work clear of the cutter, and raise 
the knee to the depth of the required roughing cut. 
Lock the knee of the milling machine in this posi- 
tion. Then slowly feed the rotating cutter into the 
gear blank just enough to nick the blank. Back the 
cutter off from the blank; then index for the next 
tooth space, and nick the blank again. Continue 
this operation until all the tooth spaces have been 
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nicked. After shutting off tne machine, you should 
couiit the spaces between the nicks to be sure the 
proper number of teeth will be cut. When you are 
sure that everything is correct, then take roughing 
cuts in each tooth space, leaving from .015 to .020 
for finishing cuts. 

9-12. When the roughing cuts are complete, set 
the machine for finishing speeds and feeds, and 
raise the knee and work to a few thousandths less 
than the finishing depth of cut. With this setting, 



machine two adjacent tooth spaces as close as pos- 
sible to the reference point. Then measure the 
chordal thickness, using a vernier gear tooth cali- 
per. Make the necessary corrections to obtain the 
correct depth of cut. Take light trial cuts in adja- 
cent teeth spaces until you obtain the correct chor- 
dal thickness. Once you have the coitect setting, 
mill the remainder of the teeth at this setting. Fi- 
nally, check the gear for accuracy before removing 
it from the machine. 
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CHAPTER 3 



Grinding Machine Work 



GRINDING MACHINES ARE used to dress, 
shape, or finish work surfaces by means of a 
rotating abrasive wheel. You perform two types of 
grinding in a machine shop. Precision grinding is 
grinding work on a machine to close tolerances. 
Hand grinding is holding the wheel to the work or 
the work to the wheel and grinding by hand ma* 
nipulation. Grinding lathe and shaper tools, which 
we discussed in Chapter 1 of Volume 2, is an ex- 
ample of hand grinding. This chapter will cover 
basic grinding information and operations which 
can be performed on surface grinders, cylindrical 
grinders, and tool and cutter grinders. 

10* Basic Grinding information 

10-1. You can do a wide variety of work with a 
few general purpose grinding wheels. It has been 
estimated that there are 12,000 possible combina- 
tions of abrasive, bond, grade, and grain size 
(grit) for every wheel. It is, therefore, more eco- 
nomical in most machine shops to do grinding 
work with a relatively small number of general 
purpose wheels. In this section we will discuss 
grinding wheels, the preparation of grinding 
wheels, and speeds. 

10-2. Grinding Wheels. You cannot base your 
selection of a grinding wheel solelv on the kind of 
material that you want to grind. Selecting a wheel 
which will grind efficiently depends upon these ad- 
ditional factors: 

( 1 ) Amount of stock to be removed. 

(2) Accui...y and finish required. 

(3) Area of contact between the wheel and the 
work. 

(4) Type and condition of the wheel. 

(5) Nature of the operation. 

(6) Work speed. 

(7) Wheel speed. 

We will discuss these factors wherever they are ap- 
plicable throughout the chapter. We will discuss, 
specifically, in this section: abrasives, bond, grain, 
area of contact, shape, and markings. 



10-3. Abrasives. When you select a grinding 
wheel for a particular operation you must consider 
the qualities of the abrasive. The most important 
are the hardness, toughness, and the nature of the 
fracture. Hardness is the ability of abrasive to 
scratch or cut another substance and resist being 
scratched or cut. The diamond, as you may know, 
is the hardest substance. You use it to dress and 
true grinding wheels. The two principal abrasives 
in grinding wheels are aluminum oxide, which is 
tough and not easily fractured, and silicon carbide, 
which is harder and more brittle. You should use 
an aluminum oxiuc wheel for most grinding opera- 
tions involving high tensile strength materials, such 
as carbon steels, alloy steels, high-speed steels, etc. 
Use silicon carbide for materials that are hard and 
brittle or of low tensile strength, such as cast iron. 
The grinding of nonferrous metals is not recom- 
mended as they tend to clog the pores of the grind- 
ing wheel. 

10-4. Bond. Bond is the material that holds the 
abrasive particles together and supports them as 
they cut. The "hardness" of a grinding wheel with 
a given type of bond depends upon the amount of 
bond. The greater the amount and strength of the 
bond the harder the grinding wheel will be. Abra- 
sives are held together by one of five bonds: vitri- 
fied, silicate, shellac, resinoid, and rubber. " "e 
of every four wheels have a vitrified bond. j». is 
used with both aluminum oxide and silicon carbide 
abrasives. Vitrified wheels are limited to slower 
wheel speeds, but they are strong enough for 
heavy-duty work. You can use vitrified wheels for 
the rapid removal of stock and for precision grind- 
ing operations. Silicate bonds release grains read- 
ily. They have a mild cutting action and dissipate 
heat easily and are thus excellent for grinding 
edged cutting tools. Shellac bonds are used in 
wheels to produce a high finish and for light-duty 
operations, such as cutting off. They are not suita- 
ble for heavy-duty grinding. Resinoid- and rub- 
ber-bonded wheels are less brittle than vitrified 
wheels. Thin wheels (y^2 inch and less) and 
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TYPE NO.l 
STRAIGHT WHEEL 



TYPE NO. 2 
CYLINDER WHEEL 



TYPE NO. 4 
WHEEL TAPERED 
TWO SIDES 
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TYPE NO. 5 
WHEEL RECESSED 
ONE SIDE 







TYPE NO. 6 
STRAIGHT CUP 
WHEEL 



TYPE NO. 7 
WHEEL RECESSED 
TWO SIDES 



mmimm "^^^^ ^^^^ 



TYPE NO. 11 
FLARING CUP WHEEL 



TYPE NO. 12 
DISH WHEEL 



TYPE NO. 13 
SAUCER WHEEL 
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Figure 83. Standard grinding wheel shapes. 



wheels subject to lateral strains by the spindle are 
usually rubber bonded. 

10-5. Grain. The size of the abrasive grain in 
the wheel you want to use depends upon the 
amount of material to be removed, the finish de- 
sired, and the physical properties of the material. 
You should use a coarse-grained wheel for rapid 
removal of stock and a fine-grained wheel to pro- 
duce a fine finish. For soft, ductile materials you 
should use a wheel with widely spaced coarse 
grains because they penetrate deeply. They also 
provide clearance between the grains for large 
chips. Use a closely spaced, fine-grained wheel to 
grind hard, brittle materials. 

10-6. Area of contact. You must consider the 
area of contact between the wheel and the work 
when you select a grinding wheel. For instance, 
you generally use a straight wheel in cylindrical 
grinding, as shown in figuie 83, because the area 
of contact is small. You will need a relatively 
fine-grained, closely spaced wheel to bring a 
greater number of cutting edges ♦o the work. To 
prevent rapid wheel wear, you should use a me- 
dium hard grade wheel. However, when you grind 
a surface with the rim of a cylinder wheel, as 
shown in figure 83, the area of contac is quite 
large. You will then need a widely spaceo coarse- 
grained wheel to distribute a smaller number of 
cutting edges to the work. Also, the giade should 



be soft to permit the grains to be torn out and re- 
leased as they become dull. 

10-7. Shape, There are many different shapes 
of wheels. Figure 83 sho^vs some of the more com- 
mon standard shapes. You can do practically all 
the grinding that will be required in a machine 
shop with these shapes ot wheels. Grinding wheels 
also come in a wide variety of wheel faces, as 
shown in figure 84. Standard wheel shapes arc 
identified by a number and wheel faces by a letter. 
Figure 85 illustrates some common shapes of 
mounted wheels. 

10-8. Markings. Every grinding wheel is 
marked by the manufacturer with a stencil or a 
small tag. The manufacturers have worked out a 
standard system of markings, shown in chart 7. 
The chart is self-explanatory and should be stud- 
ied for future reference. You should note the in- 
formation contained in the various positions: 

(1 ) Kind of abrasive. 

(2) Number of grain size. 

(3) Grade. 

(4) Structure. 

(5) Bond. 

(6) Manufacturer's modification number. 

As an example, let us use a wheel marked 
A60-L6-V1 1 . The A refers to the abrasive, which 
in this case, is aluminum oxide. The 60 represents 
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Figure 85. Mounted wheels. 

the grain size. The letter L is the grade, which is 
the degree of hardness. The 6 refers to the struc- 
ture, which is medium for this wheel. The bond 
type is vitrified, as indicated by the V, while the 
1 1 is a manufacturer's code. 

10-9. Preparation of Grinding Wheels. Prior to 
a grinding operation, you must prepare the wheel 
for grinding. The preparation of a grinding wheel 
involves inspection, balancing, mounting, and 
dressing and truing. 



10-10. Inspection, When a wheel is received in 
the shop or removed from storage, you should in- 
spect it closely for damage and cracks. Check a 
small wheel by suspending it on one finger or with 
a piece of string. Tap it gently with a light nonme- 
tallic instrument, such as the handle of a screw- 
driver, as shown in figure 86. Check a larger wheel 
by striking it with a wooden mallet. If the wheel 
does not emit a clear ring, examine it for cracks. 
Discard the wheel if it is cracked. All wheels do 
not produce the same tone when they arc rung. A 
low tone does not necessarily indicate a cracked 
wheel. Wheels are often filled with various resins 
and greases to modify their cutting action. Resin 
or grease deadens the tone. Vitrified and silicate 
wheels emit a clear metallic ring. Resinoid-, 
rubber-, and shellac-bonded wheels emit a tone 
that is less clear. You can readily identify the 
sound of a cracked wheel. 

10-11. Carefully inspect a wheel that has been 
in storage before you use it. All wheels should be 
stored in a dry place. Straight wheels 6 inches in 
diameter and larger should be placed on edge in 
such a way that they cannot tip or roll. Store 
wheels less than 6 inches in diameter in racks, as 
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SEQUENCE I 



PREFIX 



ABRA^^IVE 
TYPE 



GRAIN 
SIZE 



GRADE STRUCTURE BOND MANUFACTURER S 
TYPE RECORD 



51 A 36 L 5 V 23 



MANUFACTU 
SYMBOL 
INDICATING I 
KIND OF ABR 

UbL OPTION 



At iJMlNUM OXiDt 

•I U MN f AfrBlDE C 




DENSE TO OPEN 



(usf optional) 




Ml OIUM 



MANUFACTURERS 
PRIVATE MARKING 
TO IDENTIFY WHEEL 

fuSE optional) 



V VITRIFIED 

S SILICATE 

R RUBBER 

B RESINOIC 

E SHELLAC 

O OXYCHLORIDE 

HARD 



ABCDEFGHIJKL/MNOPQRSTUVWXYZ 
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Figure 86. Checking for cracks. 

illustrated in figure 87. Lay thin wheels, regardless 
of size and bond, on a flat surface to prevent 
warping. Flaring cup and dish wheels should be 
stacked flat, with cushioning material between 
them. Straight cup wheels can be stored either on 
edge or flat. 

10-12. Balancing, A grinding wheel under 12 
inches in diameter seldom needs balancing. Larger 
wheels, especially those that are to be used in pre- 
cision grinding, must be balanced. To balance a 
wheel, you mount it on an arbor and allow it to 
slowly revolve on a balancing stand, as shown in 
figure 88. The wheel will corns to rest with the 
heaviest part down. You balance the wheel by 
shifting the position of the weights, either two or 
four in number, in a circular groove cut in the 
wheel mount bushing, as shown in figure 89. The 
weights are secured by a jam screw. If a wheel 
does not have weights, you can balance 't by care- 
fully chiseling out some of the wheel next to the 
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Figure 87. Grinding wheel storage. 



bushing and filling the space with lead. After 
mounting the wheel, recheck the balance with the 
wheel rotating. Do not permit wheels with which 
you perform wet grinding to remain stationary 
with a portion of the wheel immersed in the cool- 
am. This will cause the wheel to absorb coolant 
and be thrown out of balance. Also, for the same 
reason, do not permit coolant to flow on a station- 
ary wheel. After mounting a wheel, stand to one 
side and allow it to run at full operating speed for 
at least 1 minute prior to using it. 
Note: A wheel may fly apart. ALWAYS wear 
eye protection when you " re grinding and stand 
to one side to avoid pccaible injury. Your eye- 
sight is not expendable! 

10-13. Mounting. You mount a grinding wheel 
on the wheel spindle by means of wheel flanges or 
a collet. Power is transmitted through the flange or 
collet to the wheel. Figure 90 shows a flange 
mounting and figure 91 shows a collet mounting. 
Tighten the wheel between the flanges, or with the 




Figure 88. Wheel balancing stands. 

collet, enough to prevent wheel slippage and to 
transmit the driving torque. Do not tighten enough 
to crush the wheel. The safety guard should cover 
from one-half to three-quarters of the wheel diam- 
eter. The wheel guard should not expose more of 
the upper portion of the wheel than is required. 

10-14. In flange mounting you mount the 
wheel directly on the wheel spindle. There is a 
flange on each side of the wheel. These flanges 
must be equal in diameter and the center portion 
must be relieved, as illustrated in figure 90. The 
outer portion of the flanges provides the bearing 
surface. The diameter of a flange should be about 
one-third of the diameter of the wheel. Other de- 
sign features, such as the radial width of the flange 
bearing surface and the thickness of the flange 
bore and bearing surface, are given in chart 8. 
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Figure 89. Use of balance weights. 
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Normally, you need only to be concerned about 
flange diameter. Some flanges are keyed to the 
spindle shc^ft. Others are pressed on the shaft. In- 
sert a paper blotter no thicker than .025 inch and 
no smaller ihan the flange diameter between each 
flange and the wheel. Hold the spindle to prevent 
it from turning and tighten the spindle nut against 
the outer flange just enough to hold the wheel 
firmly. 

10-15. Some grinding wheels are designed to be 
mounted on a collet, as shown in figure 91. Small 
screws that pass through the bore of this type of 
wheel tighten the flanges of the collet against the 
wheel. Tighten one screw and then the one directly 
opposite, etc., to equalize the pressure against the 
wheel. You can mount the wheel on the collet with 
the collet either off or on the spindle. If the collet 
is already in place, it ir easier to follow the latter 
practice. Otherwise, it is necessary to remove the 
collet from the spindle with a puller. 
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Figure 90. Flange mounting. 



10-16. Dressing and truing. As you may re- 
member from Volume 1, a grinding wheel is 
dressed to improve or alter the cutting action of 
the wheel. The wheel is trued to restore a concentric 
surface to the v/heel cutting face. You can expect a 
grinding wheel to perform efficiently only if it is 
properly dressed and trued. Within limits, a grind- 
ing wheel is self-sharpenmg. The forces acting at 
the point of contact tend to fracture and dislodge 
the dulled abrasive grains. This action results in 
new and sharp cutting grains contacting the work. 
In time, however, a grinding wheel will require 
dressing in order to clean out the metal-clogged 
pores. 

10-17. There are several types of dressing and 
truing toois, as shown in figure 92. The hand-held 
Huntington mechanical dresser has alternate 
pointed and solid discs, which are losely mounted 
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Figure 91. Collet mounting. 
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Chart 8 
Flange Dimensions 
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10-19. The abrasive wheel dresser is ? bonded 
silicon carbide wheel that is fastened to the ma- 
chine table at a slight angle to the grinding v/heel 
and is driven by contact with the wheel. The 
dresser produces a smooth, clean-cutting face that 
leaves no dressing marks on the work. You do not 
usually need to use a coolant. 

10-20. The diamond dresser is the most effi- 
cient for trumg wheels used for precision grinding 
where accuracy and high finish are required. A 
dresser may have a single diamond or multiple 
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on a pin. Use this dresser to dress coarse-grit 
wheels and for wheels used in hand grinding. This 
type is the most efficient in picking the metal par- 
ticles out of the wheel withe it causing a big loss of 
abrasive. You do not need to use a coolant. 

10-18. The abrasive stick dresser comes in two 
shapes, square, for hand use, and round, for me- 
chanical use. The abrasive stick dresser is often 
used instead of the more expensive diamond 
dresser for dressing shaped and form wheels. It is 
also used for general grinding wheel dressing. 
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Figure 92. Dressing tools. 

diamonds mounted in tiic end of a round steel 
shank. You should inspect the diamond point fre- 
quenily for wear. TJie point is tht only usable part 
of the diamond. Once the point is worn away, it 
will not properly dress the wheel. Always use a 
large flow of coolant for diamond dressing, since 
diamonds are adversely affected by heat. As 
shown in figure 93, you should hold the dresser 
with the diamond point positioned 30*^ to the 
plane of the wheel. Also, you should slant the dia- 
mond 3° to 15° in the direction cf rotation to pre- 
vent chatter and gouging. Rotate the diamond 
slightly in its holder between dressing operations to 
keep it sharp. A dull diamond will press the wheel 
cuttings into the bond pore? and load the face of 
the wheel, which in effect increases the hardness of 
the wheel. 



10-21 When you use a diamond dresser to 
dress or true a grinding wheel, the wheel should be 
turning at or slightly less than normal operating 
speed — never at a higher speed. For wet grinding, 
the wheel should be flooded with coolant when 
you dress or true it. For dry grinding, the wheel 
should be dressed dry. The whole dressing opera- 
tion should simulate the grinding operation as 
much as possible. Whenever possible, hold the 
dresser by means of some mechanical device. It is 
a good idea to rour off wheel edges with a hand- 
stone after dressiji^. This is especially true of a 
fine finishing wheel, to prevent chipping the wheel 
edges. You do aot round off the edges if the work 
requires sharp corners. The grinding wheel usually 
wears more on the edges, leaving a high spot to- 
wJirds the center. When you start the dressing or 
truing operation, be certain that the point of the 
dressing tool contacts the highest spot of the wheel 
first, to prevent t!»; ^>oint from digging in. Regard- 
less of the type of grinding machine you are using, 
the grinding wheel must be rotating when you 
dress it. Depending upon the type of grinding ma- 
chine, the face of the grinding wheel either moves 
across the stationary point of the dresser or the 
point of the dresser moves across the face of the 
wheel. 

10-22. You should progressively feed the 
dresser tool point .001 at a time into the wheel 
until the sound indicates ♦hat the wheel is perfectly 
true. The rate at which you move the point across 
the face of th . wheel depends upon the grain and 
the grade of the wheel and the finish desired. A 
slow feed gives the wheel a fine finish; however. If 
the feed is too slow, the v;heel may glaze. A fast 
feed makes the wheel free cutting. However, if the 
feed IS too fast, dresser tool marks may be left on 
the wheel, ton can determine the correct feed 
only by trial, buc you should always maintain a 
uniform rate of feed during any one pass. 

IC'23. Speeds. Grinding operations are subject 
to many variables. For this reason, wheel, work. 
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Figure 93. Position of diamond ciresser. 
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and machine speeds must be varied to give suitable 
results. 

10-24. Spindle speed. You do not have fine 
spindle speed control in grinding work. For most 
operations the surface foot speed (SFS) is be- 
tween 5500 and 6500. Since you cannot control 
the spindle speed directly, you have to adjust ei- 
ther feed or depth of cut to improve the grinding 
operation. When you are grinding steel with a vit- 
rified- or silicate-bonded wheel, the SFS for the 
following grinding operations are recommended: 



Cylindrical 
Face 
Internal 
Cutter 



5500-^500 
5000^000 
2000—6000 
4000—5000 



10-25. It will be necessary, sometimes, to cal- 
culate the SFS of a grinding wheel. You can use 
this formula: 

SFS = diameter of wheel x 0.2618 x rpm 

Example: You want to grind a cylindrical piece of 
work and you do not know the spindle rpm. The 
dianiete*- of the grindng wheel is 8 inches. What is 
the SFS? First, you determine spindle rpm with a 
tachometer or by reading the rpm from the drive 
pulley. Assume that it is 2500: 

SFS = 8.00 X 0.26 1 G X 2500 
SFS = 5236 

A more convenient formula is 



_ dia wheel 
" 4 

SFS = %x 2500 

SFS = 5000 



X rpm 



■-al 



• C -26 The recommended SFS for v 
p namg is 5500 to 6500. Assume th' - t to 

obtain a SFS of 6000. ^hat spindle pro- 
duce this SFS? You can use the formula: 



Spindi. pm = 

Spindle rpm ~ - 

. X 0.2618 
Spindle rpm = 2865 



SFS 

dia wheel x 0.2618 
oOOO 



or by approximation: 



Spindle rpm = X 4 

dia wheel 

Spindle rpm X ^ 



Spindle rpm = 3000 

10-27. If spindle rpm is fixed by the manufac- 
turer, you wil! have to select a larger diameter 



wheel to increase the SFS. Otherwise, you select 
the drive pulley that corresponds most closely to 
the desired spindle rpm. 

10-28. W^rk Speed. In addition to the wheel 
speed, you must also consider the woriw speed in 
operations such as cylindrical grinding, because 
the work also rotates. Work speed is the speed at 
which the surface of the work rotates as it passes 
the Cv^ntact point with the wheel face. The recom- 
mended SFS for grinding a plain cylinder is 60 to 
100. You have to consider several factors when 
you select work speed: size and shape of the work, 
Lyyc of material, amount of stock to be removed, 
and desired finish. Irregular or out-of-balance 
work must be turned more slowly. If the grade of 
the grinding wheel is not exactly correct, you can 
improve the grinding efficiency by varying the 
work speed. You can change the work speed by 
means of the headstock pulley. Use the following 
formula to obtain the desired spindle rpm: 



rpm = 



SFS 



0.2618 X dia of work 



Example: You want to obtain a work SFS of 80 
for grinding a shaft 1 inch in diameter. What is the 
desired spindle speed? 



rpm = 



80 



0.2618 X 1 
rpm = 305 

10- z9. Machine Speed. Machine speed refers 
to the movements of certain parts of the grinding 
machine. These movements can be traverse, cross- 
feed, and infeed, depending on the type of grind- 
ing machine being used. These speeds can also be 
varied to improve grinding efficiency. They will be 
discussed in more detail later h\ this chapter, as 
specific grinding machines and thiir operations are 
explained. 

11. Surface Grinding Machine Operation5 

11- 1. Surface grinding is the grinding of flat 
surfaces. In actual use the surface may be in a hor- 
izontal, vertical, or angular position, but you grind 
it in the horizontal position. You can compare sur- 
face grinding to machining a flat surface on a mill- 
ing machine. Remember that the milling machine 
uses a multitooth cutting tool. A grinder uses a 
grinding wheel, which could be considered a 
multi-tooth cutter with a great number of teeth. In 
this section we will discuss types of surface grind- 
ers, the action of the wheelhead and table, and a 
typical surface grinding operation. 

11-2. Types Surface Grinders. Horizontal 
spindle surface grinders are designed for the pro- 
duction of flat surfaces where precision, fine fin- 
ish, and rapid removal of stock are requirements. 
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Figure 94. Reciprocating table. 

They may be divided into two types according to 
table movement. On the reciprocating table type 
you mount the work on a reciprocating table 
which passes the work back and forth under the 
wheel face. Transverse w^^eel feed takes place at 
each end of the table movement. Figure 94 illus- 
trates surface grinding on a reciprocating table. On 
a rotating table type you mount the work on a cir- 
cular table which rotates the work under the wheel 
face, as shown in figure 95. The wheel moves in a 
horizontal plane acr s the work from the outer to 
the inner circumference and back. 

11-3. Whedhead and Table. Before you can 
do surface grinding, you must understand the ac- 
tion of the wheelhead and table. Figure 96 shows a 
typical horizontal spindle surface grinder. The 
grinder in your shop may differ somewhat from 
this one but the principles of operation apply to all 
types. 

11-4. Wheelhead. The wheelhead contains the 
spindle motor, spindle, and grinding wheel. The 
wheelhead is mounted on the vertical ways of the 
machine and may be moved either vertically or 
horizontally. There are usually two spindle speeds; 
1800 rpm for 12-inch and larger wheels and 3600 
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Figure 95. Rotating table. 



rpm for 8-inch and smaller wheels. A high-speed 
control located behind the grinding wheel mak'^s it 
impossible to operate a wheel over 8 inches in di- 
ameter at the higher speed. 

11-5. You can move the wheelhead vertically 
by turning the vertical feed handwheel. This hand- 
wheel is graduated in O.OOS-inch increments and 
has a micrometer stop for adjustments as fine as 
0.001 inch. 

11-6. You can move the wheelhead horizon- 
tally either by power or by turning the head cross- 
feed handwheel. This handwheel is graduated in 
O.OOS-inch increments. One full turn advances the 
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Figure 96. Horizontal spindle surface grinder, 

head 0.100 inch. The crossfeed selector lever, lo- 
cated in back of the hand wheel, must be engaged 
for hand feed and disengaged for power feed. The 
power crossfeed is hydraulically operated and you 
control it with the head throttle. You can select ei- 
ther intermittent feed or continuous feed. When it 
is set for intermittent, the table feeds traversly 
each time the longitudinal travel reverses. This 
movement can be set to any amount desired, from 
a few thousandths to % of an inch. You should se- 
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Figure 97. Surface grinder wheel dressing setup. 

lect the rate of crossfeed prior to beginning the 
grinding operation. The maximum crossfeed rate 
should not exceed one-half the width of the wheel 
face per revolution. Continuous feed is used only 
for setting the position and length of che "rossfeed, 
and in dressing and truing the wheel. It feeds re- 
gardless of whether there is any table movement. 

1 1 -7. Table, You mount the work on a mag- 
netic chuck, which is bolted to the table. You can 
feed the table by hand by turning the table trav- 
erse handwheel or by hydraulic power by turning 
the table throttle. You can vary the table feed 
from 0 to 50 feet per minute. Positiou the table 
and adjust the amount of movement by means of 
the table trip dogs. 

11-8. In surface grinding you often grind sev- 
eral small workpieces at the same time. The pieces 
are held by a magnetic chuck and the main prob- 
lem is to maintain parallelism between the oppo- 
site sides of the work. Make sure that the work- 
pieces rest solidly on the chuck and that th^y have 
been properly packed or shimmed before you 
magnetize the chuck. If the workpieces have been 
heat treated, you should first rough grind all the 
surfaces that are to be finished in order to relieve 
the internal stresses. The rough grinding may leave 
the work slightly distorted. If this occurs, shim the 
work and finish grind one surface until it is flat. 
Then finish grind the opposite surface parallel to, 
and the other surfaces square with, the original 
surface. One method you can use to stress relieve 
a small heat-treated workpiece is to immerse it in 
boiling water for about 5 hours between rough and 
finish grinding. If a rectangular workpiece is 
slightly out of square, you can correct the condi- 



tion by clamping it tightly between two nardened 
steel parallels and regrinding it. 

1 1-9. The ^vork must be held rigidly. When you 
are grinding *he edge of rectangular-shaped work, 
the area of contact between the magnetic chuck 
and the work is small and rigidity becomes a prob- 
lem. You can overcome this difficulty by placing a 
steel parallel on either side of the work. The paral- 
lels, as well as the work, will be held by magnetic 
attraction and a rigid setup will be assured. 

11-10. Surface Grinding. Assume that you have 
a hardened steel parallel to grind to a specified 
size. We will discuss the procedures that could be 
used to grind it. You first mount the proper wheel 
on the wheel flange assembly. Then mount the 
flan^ assembly on the wheelhead spindle. Tighten 
the spindle and flange nuts as required. Then place 
the guard over the wheel. Wipe off the magnetic 
chuck with a clean cloth, then with your hand. If 
you can feel any burrs, remove them by rubbing 
the face of the chuck with a fine-grain abrasive 
stone. Then wipe the chuck off again. Place the 
diamond dresser and its holder, as shown in figure 
97, on the magnetic chuck and turn the magentism 
on. 

11-11. The diamond should tilt in the direction 
of wheel rotation. Now, position the wheel directly 
over the diamond and start the wheel rotating. 
After it has been rotating for several minutes, feed 
the wheel down until it just touche" *'^e diamond. 
After turning on the coolant, dre: and true the 
wheel, using the hand crossfeed. Turn off the cool- 
ant. Let the wheel rotate for a few minutes, and 
then turn it off. Move the wheelhead assembly 
nvvay from the chuck enough to allow safe and 
easy arress to the chuck face. After the wheel has 
stopped routing, turn off the magnetic chuck and 
remove the aiamond and the holder. Once again, 
clean off the face of the magnetic chuck with a 
clean cloth and your hand, removing all abrasive 
residue. 

11-12. The loose scale caused by the heat treat- 
ment of the parallel should be removed by using 
abrasive cloth. Place the work on the magnetic 
chuck and shim it to keep it from moving during 
the grinding operation. Turn the magnetism on 
and position the reversible stop dogs so ihat the 
grinding wheel will run off both ends of the work. 
Also, position the wheelhead trip dogs so that the 
wheel will run off both sides of the work. The 
wheel motor, hydraulic system, and coolant pump 
should now be turned on. Using continuous power 
feed, check the wheelhead and table for correct 
wheel overrun and make any necessary adjust- 
ments. Next, with the table in motion, position the 
wheel directly over the parallel and pick up the cut 
by ucing hand feed. Position the coolant nozzle to 
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Figure 98. Brown and Sharpe universal tool and cutter grinder. 



supply an adequate volume of coolant to the wheel 
and the work. The ^'olume of coolant is more im- 
portant than the pressure. Now, turn on the wheel- 
head power feed and rough grind the work. Re- 
member not to exceed a .002 inch depth of cut. 
After rough finishing the first surface, stop the 
table motion. Shut off the coolant, turn off the 
wheel motor, and move the wheelhead away from 
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the work. Turn off the magnetic rhuck, and re- 
move the work. Wipe off the chuck very carefully 
again, and then place the parallel in the same loca- 
tion, but with the ground surface down. Turn on 
the magnet, pick up the cut, and grind this side in 
the same manner as you did the first side. Do not 
grind to final size, but leave .002 inch for finish 
grinding. Grind the two remaining sides in the 
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A. WHEEL SLIDE UPRIGHT F. CROSS SLIDE 

B. SWIVEL CLAMPING KNOE G. UPRIGHT SWIVEL PLATE 

C. ELEVATING HANDWHEEL H. CISM? 

D. ZERO MARK I. WHEEL SPINDLE (GUARD 

E. WHEEL SPINDLE SLID= REMOVED) 

Figure 99. Wheclhead ar.d column. 

same mannvr as the st two. Remember to leave 
.002 inch for f 'nishing. Before finishing, dress the 
wheel. The depth of cut for finish grinding should 
not exceed .0005 inch. The work should be allowed 
to 'spark cut." This is the proces of letting the 
work move under the rotating wheel until there are 
no more sparks visible. After the work is checked 
for accuracy, deburr it with a hand abrasive stone. 

12. Cylindricol Grinding Machine 
Operations 

12-1. In cylindrical grindin- the work is driven 
by a spindle while it is being held in a chuck, on an 
arbor, or between centers. In this respect cylindri- 
cal grinding is similar to a lathe machining opera- 
tion. 




12-2. In this section we will describe a cylindri- 
cal grinder. We will discuss the preparation of the 
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work for grinding between centers and explain sev- 
eral typical cylindrical grinding operations. 

12-3. Description. There are several types of 
cylindrical grinding machines but all of them have 
many features in common. A description of one 
machine will in many ways fit the description of all 
types To be able to cylindrically grind any type of 
work, it is necessary for you to know something 
about the machine. We will explain the essential 
features of the Brown and Sharpe No. 13 Univer- 
sal Tool and Cutter Grinder, which is shown in 
figure 98. 

12-4. Wheelhead. The wheelhead, shown in fig- 
ure 99, is mounted on the column or vertical ways 
of the machine. The spindle is mounted in self-ad- 
justing bronze bearings. Both ends of the spindle 
are tapered to receive the wheel sleeves upon 
which the grinding wheels are mounted. This 
makes it easier and quicker to change wheels and 
helps assure a true running wheel. The wheelhead 
is also used to mount attachments, such as wheel 
guards, coolant guards, and the internal grinding 
attachment. You can move the wheelhead up and 
down the vertical column by means of a hand- 
wheel located at the top of tl:e column. You can 
rotate the column on its base 360"" in either direc- 
tion. 

12-5. Crossfeed. The column has a transverse 
movement, which moves the wheel away from or 
toward the work for a depth of cut. You adjust the 
coarse crossfeed by turning the large handwheel, 
shown in figure 98, which is graduated in .001- 
inch increments. This causes the table to move 
.100 inch per handwheel revolution. You make 
fine crossfeed adjustments by first tightening the 




Figure ;00. Rough and lapped center holes. 
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Figure 1 01. Center lapping machine. 

thumbscrew on the crossfeed handwheel and then 
turning the small fine crossfeed handwheel, which 
is graduated in .001 -inch increments. One revolu- 
tion of the small handwheel moves the crossfeed 
.001 inch. 

12-6. Motor The motor is mounted on the 
back side of the column and drives the spindle by 
means of a V-belt. By shifting the V-belt to differ- 
ent sets of pulleys, you can obtain a wheel speed of 
2730, 3600, orSlSOrpm. 

12-7. Table. The swivel table is locked to its 
base by five bolts, one in the middle and two on 
each eid. After loosening these five bolts, you 
swivel the table on a pivot by turning a fine adjust- 
ing screw. This permits you to grind a maximum 
taper of 3 inches per foot. To make coarse adjust- 
ments, raise the spring knob at the right of the 
tabic and swivel the table by hand. By using the 
graduations on the front of the table, you can 



swivel the table through a range of 90^ (45^ to 
each s^de). 

12-8. The automatic table travel is driven inde- 
pendently of the wheel spindle. You can move the 
table by hand by turning the handwheel on the left 
side of the machine. You can obtain a coarse or 
line hand feed by positioning the lever located be- 
hind the handwheel which controls both the hand 
feed and the power travel. A safety mechanism 
located on this lever prevents engaging the longi- 
tudinal power travel while the lever is locked in po- 
sition for hand feed. Also, when the lever is un- 
locked for power travel, you cannot engage the 
hand feed. The length and location of table travel 
is controlled by the position of the trip dogs cn the 
rack on the front of the table. You can move the 
trip dogs along the rack by lifting the catch, and 
make fine adjustments with a thumbscrew on the 
dog. 

12-9. Headstock. The headstock, which is 
mounted on the left end of the table, supports and 
rotates the w» k. You can swivel the headstock on 
its base as much as 100^ to the right or to the left 
of ZERO. It is clamped to the table T-slots by two 
T-headed bolts. The headstock spindle is driven by 
a motor and has two types of drive: live center 
and dead center. You use live center drive to grind 
work that is held in a chuck or on a faceplate. You 
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Figure 102. Lapping setup. 
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Figure 103. Cylindrical grinding. 

use dead center drive to grind work that is held on 
dead centers. Dead center drive is more accurate, 
since it eliminates any possible spindle runout pres- 
ent in the live center drive. 

12-10. Footstock. The footstock is adjuiitable 
along the table T-slot and is held in place by a 
T-headed bolt. A constant spring tension on the 
center provides an even pressure on the work. The 
wpring tension compensates for expension or con- 
traction of the work due to temperature change 
during ihe grinding operation. The center has a 
locking device for heavy work or for work that is 
likely to be forced from between centers during 
grinding. 

12-11. Preparing Work for Grinding Between 
Centers. Before you grind work held between 
centers, you must lap the center holes. This insures 
precise limits for roundness, straightness, and con- 
centricity and increases the life of the machine 
centers. Lapping removes the scale and distortion 
left by heat treating and corrects inaccurately or 
roughly drilled holes. Figure 100 shows rough and 
lapped center holes. 

12-12. If your shop does not have a center lap- 
ping machine, such as the one shown in figure 
101, you can lap the center holes in a lathe or drill 
press. To do this, you mount a round piece of hard 
wood, one end of which is turned to a point with a 
60^ angle, in a chuck. Cover the rotating pointed 
end of the wood with lapping compornd and insert 
it into the center hole of the work. Be sure to lap 
the center hole at each end of the work. 

12-13. Lapping a center hole by machine, as 
shown in figure 102, is a simple operation. You 
hold one end of the work on an adjustable center. 
Pulling down on a hand lever, you bring the rotat- 
ing lapping stone into contact with the center hole. 



By changing the belt on the pulleys, you can ob- 
tain speeds of 720, 1300, 2400, and 4500 rpm. 
You can move the work rest up and down on the 
ways to accommodate work up to a length of 36 
inches. The maximum width that can be held is 10 
inches. A diamond dressing device is mounted on 
the spirdle bracket. There is a micrometer adjust- 
ment for positioning the diamond dresser for ea:h 
dressing cut. You perform the dressing operation 
by swinging the dresser into position and passing 
the diamond dresser across the lapping stone. 
When you are not Uo.ng the dresser, it should be 
swung back 90'' out of the way. Always dress the 
lapping stone when the spindle is in the leti acted 
position, never in the extended position. The lap- 
ping stone is a bonded abrasive wheel cemented on 
a Vi-inch steel spindle. It should be dressed fre- 
quently. A loaded or blackened stone does not cut 
freely, and it generates excessive heat. Lappmg 
stones are often treated with oil to improve their 
cutting action. Some shops, Iiowever, prefer to use 
untreated stones. 

12-14. Cylindrical Grinding. Cylindrical grind- 
ing is done to remove the warpage caused by heat 
treatment, reduce the work diameter to exact size, 
and improve the finish. The work can be held and 
rotated by mounting it: 

a. Between centers and driving it with a drive 
dog, as shown in figure 103. 

b. In a chuck and supporting it with a footstock. 

c. On a live center and supporting it with a 
footstock. 

d. On a faceplate. 

The revolving grinding wheel provides the cutting 
action that takes place at the area of contact, as 
shown in figure 104. The area of contact will vary 
when the dimensions of the wheel or the work are 
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Figure 104. Area of contact. 
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increased or decreased and when the depth of cut 
is increased or decreased. 

12-15. The wheel and the work are usually set 
to revolve in opposite directions at the area of con- 
tact, as sho;vn in figure 104. This provides a 
shearing type of cutting action between the wheel 
and the work. Grinding is subject to more varia- 
bles than other machining operations. Therefore, in 
order to grind work efficiently and economically, 
you must use the correct combination of wheel 
speed, work speed, and table traverse. 

12-16. The typical grinding operations that we 
will discuss are straight cylindrir:al grinding, coni- 
cal (tapered) grinding, the grinding of shonldeis 
and grooves, face grinding, and internal grinding. 

12-17. Straight cylindrical grinding. Assume 
that you have the job of grinding a straight-fluted 
hand reamer to a specified size. After p^ 'taring 
the center holes, you should select the roper 
wheel and mount it on the wheel flange ' :;mbly. 
Then mount the flange assembly on ti. p wheel 
head spindle and tighten ihe spindle nut. 

Note: The spindle iiut uses left hand threads. 

Next, place the wheel guards in position. They 
must cover the wheel and not interfere with any 
other oarts of the machine. Position the colu*nn so 
that the graduations on the base and front of the 
table indicate a ZERO setting. Then the lock bolts 
should be snugged down. When the column and 
table are at the ZERO setting, the wheelhead is 
parallel to the table. Wipe the table off and attach 
the diamond dresser and the holder in the proper 
positon to dress the wheel. The proper position is 
shown in figure 93. Using the formulas discussed 
in Section 10 of this chapter, calculate the wheel 
ana work speed. 

12-18. Turn on the spindle drive motor to start 
the wheel rotating and leave it on until done with 
the entire grinding opeiation. Lettin^ the wheel 
run keeps the bearings at their operating tempera- 
ture and prevents the wheel from becoming unbal- 
anced through the absorption of coolant. After 
placing the splash guards in position, turn on the 
coolant pump motor and position the nozzle, as 
shown in figure 103. There should be an adequate 
flow of coolant to the area of wheel contact. The 
center of the spindle (and thus the wheel) shouid 
be alined with the headstock center. You can do 
thi"^ by using the elevating handwheel to adjust the 
wheelhead spindle until the lower cricket mark on 
the vertical slide corresponds with the wheelhead 
cricket mark. Turn the crossfeed handwheel to 
bring the revolving wheel towards the diamond 
dresser. The dresser should touch the wheel very 
lightly. The depth of cut should not exceed .001 
per pass during the dressing and truing operation. 

Note: As in surface grinding, the wheel is 



dressed wet if the work is to be ground wet, and 
dry if the work is to bo ground dry. 

After the dressing and truing operation is com- 
plete, move the wheel away from the dresser far 
enough to allow you to safely remove the dresser 
and holder and the splash guards. 

12-19. Thoroughly wipe the table off and 
mount the headsiock on the left end with its grad- 
uated base set to ZERO. Mount and secure the 
footstock in such a manner that the reamer will be 
supported with some spring tension on the center. 
Attach the proper size drive dog to the fluted end 
of the reamer. Place the work between the centers 
of the headstock and footstock. 

Note: Be sure the center holes of the reamer 
are lapped clean and smooth, then coat them 
with clea « white lead to act as a lubricant be- 
tween the reamer and the centers. 

The end of the work with the drive dog on it 
should be positioned on the headstock dead center 
with the dead center drive stud olaced between the 
tw . tails of the dog. The reversible stop dogs 
should now be positioned to allow minimum table 
traverse. Allow the grinding wheel to run off 
the shank end of the reamer into the gap of the 
footstock half center. Not more than one-half of 
the wheel width should run off the shank into the 
undercut between the shank and blades. Bring the 
revolving wheel to within Vs inch of the reamer 
shank, and engage the work head clutch to start 
the reamer revolving. Remember, the wheel and 
the reamer should revolve in opposite directions at 
the area of contact, as shown in figure 104. Try to 
pick up the cut at the highest point of warp by 
hand manipulation of the crossfeed and table trav- 
erse. Once the cut has been picked up, set the 
splash guards in place, turn on the coolant, and 
engage the cable traverse. The table traverse feed 
for rough and finish grinding is calculated by using 
the information in chart 9 and the formula: 

Table traverse =. width of wheel X fraction for finish 

X rpm of work. 

After working out this formula, set the traverse 
speed levers to correspond as closely as possible to 
these calculations. 

12-20. Grind the reamer shank, using light 
depths of cut until you have a ground surface from 
end to end. When the shank is ground to specifica- 
tions, stop the table traverse with the wheel posi- 
tioned off the shank of the reamer in the gap of 
the footstock half center. Remove the reamer from 
between the centers. To check the shank for taper, 
measure each end with a vernier micrometer. If 
taper is present, loosen the five locking bolts on 
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Chart 9 
Recommended Tra verse Rates 
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1/4- 1/2 OF WHEEL WIDTH 
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the table, and swivel tiie table by turning the fine 
adjustment icrew. This screw can compensate for 
any taper up to 3 inches of taper per foot. 

Caution: Any time the table is swiveled toward 
the wheelhead, you must back the wheel away 
from the work and pick up the cut again. Moving 
the table toward the wheel also moves the work to- 
ward the wheel. This will produce too deep a 
depth of cut and could result in destroying the 
wheel and damaging the workpiece. 

After swiveling the table to eliminate the taper, 
snug down the table lock bolts. Pick up the cut, 
and take another cut. Measure the shank again. If 
the taper is still out of limits, readjust the swivel 
table again and take another cut. Repeat these op- 
erations until the taper is within the limits of the 
specifications. Once the taper is eliminated or 
within limits, rough grind the shank to within .001 
of finished size. Do not forget that the body size of 
the shank of a hand reamer is .002 to .005 less 
than the nominal size of the reamer. This clear- 
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Figure 105. Conical grinding setup for slow tapers. 
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Figure l()f . Conical grinding setup for steep tapers. 

ance enables the shank to pass through the reamed 
hole without binding. 

12-21. Remove the reamer from between cen- 
ters and prepare to finish grind the shank. Dress 
the wheel 2nd calculate the traverse feed for finish 
grinding. Pick up a light depth of cut and finish 
grind to rize. Remember, you have only .001 to 
rc jve, so be careful not to take too deep a cut. 
When you are finished, remove the reamer from 
between centers. 

12-22. Place the drive dog on the finished 
shank with shim under the end of the screw to 
prevent damaging the finished surface. Repositon 
the reversible stop trip dogs for the longer length 
of the reamer blades in the same manner as for the 
shank. Reset the table traverse for rough grinding. 
Use the same calculations and steps that you used 
to grind the shank. 
Note: To irsure clearance behind the cutting 
edge, the reamer should rotate so that the heels 
of the blades strike the grinding wheel first. 

Now, rough grind the blades and check for possi- 
ble taper after several passes of the wheel. When 
the diameter measures 001 to .0015 over the final 
size, remove the reamer from the machine, and 
dress the wheel. Calculate the finishing feed, pick 
up the cut, and finish grind the blades to the desig- 
nated size. When the final size is reached, remove 
the work and turn off all motors on the machine. 

12-23. Conical grinding. Conical grinding is the 
name given to the grinding of cylindricelly tapered 
surfaces, such as the shank and the point of a lathe 
center or the tapered portion of a taper plug gage. 
The reason that we refer to the operation as coni- 
cal, and not just as taper gri-.ding, is that flat work 
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Figure 107. Checking taper using a taper gage. 



may also be ground with a taper. You can grind 
either external or internal work conically. You will 
usually grind long, slow cylindrical tapers by set- 
ting the swivel table to correspond to the inches of 
taper per foot or to the desired number of degrees 
of taper. However, short cylindrical tapers are 
ground by swiveling the hcadstock on its base to 
the number of degrees of taper specified for the 
work. 

12-24. You grind conical work in a manner 
similar to grinding straight cylindrical work, pro- 
vided that the taper is not too steep or abrupt. 
After placing the work between the centers of the 
grinding machine, swivel the table to the required 
taper by means of the graduations on the end of 
the table. The correct work setup is illustrated in 
figure 105. This setup locates the axis of the work 
at an angle with the line of motion of the table. As 
the work moves across the face of the wheel, a 
taper is ground. The angle or taper depends upon 
how far you swivel the table from its central posi- 
tion. The correct angle or taper also depends di- 
rectly upon the relation of the wheel to the work. 
In lathe work you will remember that in order to 
turn a true taper you need to set the cutting tool 




Figure 108. Measuring taper per inch (TPI). 



exactly at center height or even with the axis of 
the work being machined. In a similar manner, the 
grinding wheel axis must be exactly at center 
height or even with the axis of the work to grind a 
conical taper. If you position the wheel above or 
below the center of the work, the taper will be dif- 
ferent from that which the table setting indicates. 

12-25. You can usually grind steep tapers by 
swiveling the headstock to the desired angle of the 
taper, as shown in figure 106. Again, be sure that 
the axis of the grinding wheel is exactly at center 
height with the axis of the work. You can also 
grind internal conical tapers with the aid of the in- 
ternal grinding attachment, which we will discuss 
later. When you grind conical surfaces, you can 
dress and true the grinding wheel cither before or 
after swiveling the table. This is because the face 
of the wheel is always true and parallel to the ways 
regardless of the angle to which you swivel the 
table. 

12-26. We will discuss the cylindrical grinding 
of a conical tapered plug, as shown in figure 105. 
You should first lap both centers so that they are 
smooth and clean. Then lubricate them with white 
lead. Select and mount the proper grinding wheel, 
and position the spindle at center height to corre- 
spond with the work center axis. Mount the tail- 
stock where it will support the work and install a 
drive dog on the large end of the work. Compute 
and set the proper spindle «nd work speeds and 
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Figure 109. Shoulder grinding setups. 
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Figure 1 10. Typical internally ground surfaces. 

table feed. Using the table taper-per-foot scale or a 
test bar and dial indicator, swivel the table the re- 
quired distance to grind the desired taper. Mount 
the diamond dresser and dress and true the abra- 
sive wheel. Remember, let the wheel continue to 
rotate during the entire operation. 

12-27. Momt the work between centers and 
pick up the cut. The wheel, work, and tabic trav- 
erse should all be in motion during the picking up 
of the cut. Rough grind the work surface until it is 




A. FCOTSTOCK 

B. HEAD CONTROL WHEEL 

C. GRINDING WHEEL 

D. UNIVERSAL WORK HEAD 

E. TABLE TRIP DOG 



53 549 



F. CROSSFEED HANDWHEEL 

G. BASE 

H. WORK HEAD MOTOR 
SWITCH 

I. TABLE DRIVE HANDWHEEL 



Figure 111. Typical tool and cutter grinder. 



clean enough of heat treating residue to permic 
checking the taper. Once the taper is correct, 
rough grind the work to within .001 to .0015 of 
the specified diameter if you are using the microm- 
eter method of checking taper. Rough grind to 
within Mc to V% inch of the bottom of the gage if 
you are using the nng gage method. Then remove 
the work and dress the wheel. Set the finish speed 
and feed and finish grind the work to the de^'ired 
size. 
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Figure 1 12. Radial grinding attachment. 

12-28. There are many methods of checking ta- 
pers. The two most common methods are to meas- 
ure t^e taper per inch with a vernier micrometer 
and to check the taper with a gage. When you 
check a taper with a tapered ring or plug gage, you 
should use Prussian blue or white lead to check 
the contact of the surface being ground with the 
mating surface of the gage. To check an external 
taper, first apply a very thin coat of Prussian blue 
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or white lead on the work surface. Insert the taper 
into the proper ring gage, as shown in figure 107. 
Atter inserting the work in the gage, turn it with a 
wringing motion, and then withdraw it. The pat- 
tern of the blueing or white lead as it smears will 
show if the correct taper is being ground. If you 
don't have the correct size ring gage, you can 
check for correct taper with a micrometer, as 
shown in figure 108. Scribe two lines on the taper 
1 inch apart, and measure the diameters. Deter- 
mine the difference, and compare with the desired 
taper per inch. No matter which way the taper is 
checked, you adjust the swivel table to get the cor- 
rect taper. 

12-29. Shoulders and grooves. Many opera- 
tions require the grinding of cylindrical pieces that 
have two or more dirmeters, radii, fillets, or shoul- 
ders. You can sometimes perform these operations 
by swiveling the wheelhead and using an angular- 
faced wheel. You can al^o use a straight wheel 
with the side reces ,ed to reduce the area of contact 
with the shoulder. These two methods are illus- 
trated in figure 109. Either of these methods as- 
sure a freer cutting action than would be possible 
with a straight-sided wheel. When you grind 
straight shoulders with the side of the wheel that is 
not recessed, you should use a softer grade of 
wheel to obtain a freer cutting action on the shoul- 
der. The area of contact on the cylindrical posi- 
tion, as shown in figure 109,A, is quite large. 
Grinding the cylindrical portion of the shoulder 
will result in some reduction of wheel life. If you 
must hold to close tolerances on radii or fillets, 
you will have to use a harder grade wheel with fine 
grit to prevent rapid breakdown of the wheel face. 
Naturally, this will reduce the rate of stock re- 
moval. When you use the straight wheel method to 
grind a shoulder, it is desirable to recess the side of 
the wheel that will grind the shoulder. You can re- 
cess a wheel, if a fine finish is required, by using a 
diamond dresser. If you are not able to move the 
wheel in close enough to the table to permit the 
use of the diamond, you can use an abrasive stick 
and recess the wheel by hand. If a radius is re- 
quired on the corner of the wheel, you can form it 
by using the radial attachment or by using the 
abrasive stick. If you use the abrasive stick, check 
the radius with a radius gage, after stopping the 
wheel. 

12-30. When you use the angular wheel 
method to grind a .shoulder, as shown in figure 
109,B, swivel the wheelhead 30"^ or 45"* ofi cen- 
ter. Both faces of the wheel must be at the same 
angle and of equal length. The horizontal face of 
the wheel grinds the diameter, and the vertical face 
of the wheel grinds the shoulder. If a radius is re- 
quired at the shoulder, you will have to use the 
radial grinding attachment or the abrasive stick to 



obtain the correct radius. You must be very care- 
ful to prevent wheel breakdown at the point that 
grinds th** shoulder. If you find it difficult to move 
the wheelhead crossfeed close enough to the table 
for the correct depth of cut, you can overcome this 
difficulty by using the extension spindle. You 
should always use as narrow a wheel as po^ ible, 
and it should be at least 7 inches in diameter, hard 
grade, and fine grain. 

12-31. When possible, it is desirable to under- 
cut or recess the work slightly at the shoulder dur- 
ing fabrication. However, some workpieces are so 
designed that undercutting before being hardened 
would weaken them or cause cracks to develop 
during heat treatment. You can grind such a 
shoulder or a groove bj plunge grinding, whica is 
straight-in feed in which no table traverse is in- 
volved. You can use plain straight-faced or form- 
faced wheels to produce any desired form on cy- 
lindrical work. The ability of a wheel to hold its 
form is more important than the rate of stock re- 
moval during this type of grinding. For this reason 
a harder grade of wheel is normally required. 

12-32. Assume that you are required to grind a 
shoulder to specified dimensions on a cylindrical 
piece of work. You can grind the work on the cy- 
lindrical grinding machine, driving it between cen- 
ters and using an angular wheel. First, mount and 
aline the extension spindle on the wheelhead. Then 
select and mount the proper grinding wheel and 
position the wheel guard. Swivel the wheelhead to 
the desired number of degrees and ahne the table 
to ZERO with a test bar and dial indicator. Pre- 
pare the work for grinding between centers. Com- 
pute and set the proper wheel and work speed and 
set up the diamond dresser. Dress and true the 
wheel so that both face angles are of equal degrees 
and lengths. Then remove the dresser and holder. 
Irstall a drive dog on the work and mount it be- 
tween the centers. Turn on the headstock motor, 
making sure that it revolves the work opposite the 
wheel direction at the area of contact. Pick up the 
cut by using ^he hand crossfeed and then move the 
wheel slowly to the shoulder with the fine hand 
feed. Check and adjust for possible taper after 
making several cuts. Continue using a fine hand 
feed until you arrive at the specified diameter and 
length. 

12-33. Internal grinding. Internal grinding is 
the grirding of internal circular surfaces. The ap- 
plication of this type of grinding is quite extensive. 
The range of hole sizes and types of work, as 
shown in figure 110, is limited only by the capac- 
ity of the machine. Internal grinding is a widely 
used method of finishing internal surfaces, because 
it is accurate, economical, and produces a good 
surface. In many instances this method of grinding 
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GRINDING WHEEL 

Figure 113. Wheel and cutter rotation for cylindrical 
grinding. 

has taken the place of reaming and boring holes. 
You will be called upon many times to finish a 
hole in a hardened metal part because the heat 
treating process causes a certain amount of distor- 
tion. It is then necessary to internally grind the 
hole to secure an accurate diameter and true sur- 
face. Some classes of internal grinding are done on 
a lathe by using a tool post grinder, which we dis- 
cussed in Chapter 4 of Volume 2. Internal g, md- 
ing speeds and feeds are calculated in the same 
manner as for external cylindrical grinding. 

13. Tool ond Cutter Grinding Mochine 
Operations 

13-1. Tool and cutter grinders are general tool- 
room grinders that are used primarily to sharpen 
such items as milling cutters, reamers, and forming 
tools and to grind a great variety of general ma- 
chine shop work. As the name implies, they are 
used primarily for tool and cutter grinding. There 
are no definite features that distinguish the plain 
tool and cutter grinder, as shown in figure 111, 
from the universal tool and cutter grinder which 
we discussed previously. Most of the features of 
both machines are identical; however, the univer- 
sal machine generally has a larger selection of ac- 
cessories and attachments. 

13-2. In this section we will discuss four basic 
tool and cutter grinder attachments and the grind- 
ing of cutting tools. 

13-3. Attacliments. There are many attach- 
ments for the tool and cutter grinding machines 
which permit you to perform numerous operations. 
There are so many of these attachments that we 
will not be able to discuss each of them in detail. 
However, we will discuss four basic grinding at- 
tachments: surface, cylindrical, internal, and 
radial. These attachments will greatly assist you in 
grinding operations. 



13-4. The surface grinding attachment can be 
used to grind flat forming tools, lathe tools, planer 
tools, flat thread chasers, drifts, chisels, etc. This 
attachment has a swivel vise with an intermediate 
support between the vise and the base which per- 
mits you to swivel the vise in two planes. TiAs per- 
mits the grinding of compound angles. 

13-5. The cylindrical grinding attachment can 
be used for all types of straight or taper cylindrical 
grinding, such as the grinding of reamers, lathe 
centers, mandrels, and tap or drill shanks. It can 
also be used for face grinding. 

13-6. The internal grinding attachment can be 
used to grind holes in cutters, bushings, arbor col- 
lars, etc. 

13-7. The radial grinding attachment is the 
most complex and versatile of the many attach- 
ments. A typical radial attachment is shown in fig- 
ure 112. This attachment has a base that is bolted 
to the machine table. The base supports a work 
slide on a pivot. You can rotate the slide 360''; 
however, it is provided with stops, which limit the 
movement in either direction. You can move the 
work slide back and forth by thumbscrews located 
on the back of the attachment. A scale on the side 
of the slide is graduated for a length of 6 inches in 
one direction and for 4 '4 inches in the other 
direction, iliis allows the attachment to accommo- 
date up to a 6-inch convex radius and up to a 
^14 -inch concave radius. The workholders will ac- 
commodate work up to 5 inches in width and up 
to 8 inches in diameter. The attachment also has a 
detachable bracket that you can clamp in front of 
the work slide to hold a diamond dresser. The 
dresser can be positioned by the work slide to pro- 
duce che same radii on the wheel that you can pro- 
duce on a workpiece. 

13-8. Grinding Cutting Tools. The working ef- 
ficiency of a cutter is largely determined by the 
keenness of its cutting edges. Therefore, it is im- 
portant to sharpen a cutter at the first sign of dull- 
ness. A dull cutter leaves a poorly finished surface. 
Continued use of a dull cutter leaves it in a condi- 
tion that will make it necessary for you to grind 
away a large portion of the teeth to restore the cut- 
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Figure 1 14. Cutter sharpening positions. 
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ting edge. When you maintain a cutter in good 
working condition by frequent sharpening, it will 
cut rapidl> and effectively at all times. When such 
a cutter does need sharpening, you will have to 
grind the teeth only a very sniui' amount *o insure 
keen cutting edges. In this section we ^ discuss 
grinding cutting tools, cutting tool clearance, 
grinding form cutters* and grinding convex and 
concave radii. 

13-9. Grinding cutters cylindrically. Various 
types of cutting tools, such as reamers and milling 
cutters, are ground cylindrically. \ '" Is done to 
remove warpage from hea* treatment, remove 
nicks, obtain a specific diameter, or to produce a 
finish and a slight clearance on the cutting edges of 
the teeth. When you grind these tools cylindrically, 
the work is rotated in the opposite direction from 
that ordinarily used in cylindrical grinding. If a 
clearance is desirable on the cutting edges, the 
movement of the wheel and the work should be in 
the same direction at the area of contact, as shown 
in figure 113. Mount the cutter so that the heel of 
the tooth strikes the wheel first. In theory this will 
cause a slight spring between the work and wheel, 
which in turn will cause Ihe heel of the tooth to be 
ground slightly lower than the cutting edge. The 
clearance will vary in amount, depending upon the 
rigidity of the cutting tool being ground and the 
work setup. The work can be held for the cylindri- 
cal grinding operation in three ways: between cen- 
ters, on a mandrel, or on a stub arbor mounted in 
the headstock spindle. You should normally select 
a mediuiii grade grinding wheel for the cylindrical 
grinding of hardened high carbon steel and high- 
speed steel cutters. 

13-10. After you have cylindrically ground cut- 
ters or reamers to restore concentricity, you may 
use either >f two methods to sharpen the cutting 



edges of the teeth and to provide clearance. These 
methods depend upon the rotation of the grinding 
wheel in relation to the cutting edge. Figure 114 11- 
Lstrates tv/o methods of straight grinding wheel 
setup. In method A the wheel rotation is from the 
body of the tooth off the cutting edge. The wheel 
rotation holds the cutter on the tooth rest but will 
raise a burr on the cutting edge, which must be re- 
moved by stoning. More seriously, this method 
may have a tendency to draw the temper from the 
cutting edge. In method B the wheel rotation is 
frcm the cutting edge toward the body of the 
tooth. In this method there is less danger or burn- 
ing the tooth, but you must exercise greater care to 
hold the cutter on the tooth rest. If the cutter turns 
while you are grinding it, the tooth will be mined. 

13-11. Cup wheels, as shown in figure 115, are 
also used extensively to grind cutters and reamers 
in a manner similar to that used with straight 
wheels. You must exercise greater care when you 
use a cup wheel because the area of contact be- 
tween wheel and work is larger. 

13-12. Cutting tool clearance for profile cut-- 
ters. Correct clearance in back of the cutting edge 
of any tool is highl" essential. Insufficient clear- 
ance will cause the teeth to drag, resulting in fric- 
tion and slow cutting. Too much clearance will re- 
sult in chatter and in rapid dulling of the teeth. 
The cutting edge must have strength; the correct 
clearance will produce this strength. Figure 116 
sliGws a typical cutter tooth and the various angles 
which are produced by grinding. A secondary 
clearance of 9° to 30®, depending upon the design 
of the cutter, produces a strong tooth and provides 
easy control of the width of the cutting land. In 
this case, the width of land, which is ihe area im- 
mediately behind the cutting edge should be H2 
inch to ^/4c iiich, depending upon the diameter of 
the cutting tool. When the cutting land becomes 
too wide from many sharpenings, you must grind 
secondary clearance to restore the land width to its 
correct dimension. The secondary clearance is pro- 
duced by properly locating the wheel, cutter, and 
tooth rest. There are several setup methods, de- 
pending upon the type of wheel used, the shape of 
the work, and the location of the tooth rest. The 
wheel may be either a plain straight wheel or a cup 
wheel. The work may be straight or tapered and 
may have straight or helical teeth. The tooth rest 
may be located on either the wheelhead or on the 
taH^ The ends of the tooth rest will vary in shape 
fo. different cutters. When you use a str "ht 
wheel, the clearance angle depends upon the oiam*- 
eter of the grinding wheel. When you use the cup 
wheel, the diameter cf the cutter is the determining 
factor. To determine the setting for a cutter when 
you use the straight wheel method, multiply the 
clearance angle of the cutter in degrees times the 
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Clearance 


Clearance 


Width of Land 




Material 


angle A 


angle B 


D 






(degrees) 


(degrees) 


(inches) 




Low carbon steel 


5 to 7 


30 






High carbon steel and 


tool steel 3 to 5 


30 






Steel castings 


5 to 7 


30 






Cast iron 


4 to 7 


30 


Small cutters 


1/64 


Cast brass 


10 to 12 


30 


Medium cutters 


1/32 


Soft bronze 


10 to 12 


30 


Large cutters 


1/16 


Medium bronze 


6 to 7 


30 






Hard bronze 


4 to 5 


30 






Copper 


12 to 15 


30 






Aluminum 


10 to 12 


30 








Figure 116. Recommended clearance angles. 




wheel diameter in inches times the constant 
0.0088. The constant 0.0088 is derived by meas 
urement of the distance of P on the circumfer- 
ence line of a 1-inch circle. Tne result will be the 
amount in thousandths of an inch that you raise or 
lower the cutter and tooth rest to obtain the proper 
clearance. When you use the cup wheel method, 
you obtain the setting by multiplying the clearance 
angle in degrees times the cutter diameter in inches 
times the constant 0.0088. 

13-13. The tooth rest is normally fastened to 
the table when you sharpen straight-tooth cutters. 
However, when you sharpen helical-tooth cutters 
mounted between centers, the tooth rest must be 
mounted on the wheelhead so that the ^ ^rk will 



revolve and follow the angle of helix on the teeth. 
You can calculate the distance to raise or lower 
the wheelhead or tooth rest by referring to ma- 
chinists' publications, such as the Machinery's 
Handbook, which normally have charts from 
which you can obtain the recommended clearance 
angles for most cutters. 

13-14. Sharpening formed cutters. Formed or 
eccentrically relieved cutters, such as gear cutters 
and convex or concave cutters, cannot be sharp- 
ened in the same manner as the profile type cut- 
ters. Formed cutters have a definite shape that 
must be retained through many sharpenings. To 
retain this shape, you must grind the face of the 
teeth with a radial rake. Any positive or negative 
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Figure 117. Radial grinding setup. 

rake on rormcd cutter teeth will change their 
shape. Radial rake means that the faces of the 
teeth are in a plane passing through the axis of the 
cutter. You may sharpen formed cutters by using 
the infeed type of formed cutter attachment. Be- 
fore you can grind a cutter by the infeed method, 
you may have to grind the back of the teeth so that 
the tooth width remains the same for each of the 
teeth. You could also mount the formed cutter on 
a mandrel or a stub arbor and sharpen the cutting 



edges while you use the index head to accurately 
position the cutter head to help grind the teeth on 
the solid- or inserted-tooth side of face milling cut- 
ters. This is done by setting the head at a slight 
angle to make the cutter teeth taper toward the 
center of the cutter. This angle provides clearance 
and prevents the cutting edge from dragging. You 
can use either a straight or cup wheel. The cup 
wheel will produce better results. 

13-15. Grinding convex and concave radii. As 
previously mentioned, you can grind convex or 
concave surfaces with the aid of the radial grinding 
attachment shown in figure 112. You can use this 
attachment with the workholders to produce a 
convex radius on milling cutters, as shown in fig- 
ure 117. In addition to holding work for grinding, 
you can use the attachment to form the circumfer- 
ence of a grinding wheel into a convex or concave 
radius. You can do this by mounting a diamond 
dresser on the attachment, which will then move 
the diamond through the desired arc or radius and 
dress and true the grinding wheel to shape. When 
you are forming a wheel to a convex shape, the 
wheel width should be twice the desired radius. If 
the wheel is wider than twice the radius, a shoul- 
der will result. If it is narrower, you cannot pro- 
duce a full radius. When you are forming a wheel 
into a concave radius, the wheel width should be 
twice the desired radius plus Vs inch on each side 
to give added strength to the edges. A typical 
grinding operation in which you would use a con- 
vex-shaped wheel is the sharpening of tap flutes. 



CHAPTER 4 



Fitting and Assembly 




You MUST BE able to fit and assemble many 
of the items that you will be required to make. 
Polishing and buffing are often necessary in fitting 
and assembling parts. Sometimes machined parts 
will require reworking. In addition to these sub- 
jects we will discuss nondestructive inspection 
methods in this chapter. 

2. The fitting and assembly of machined parts 
involves many different operations. Primarily, it 
includes all the machine operations that go into the 
fabrication of the various parts making up an as- 
sembly. However, in this text we are assuming that 
all parts have been previously machined. You are 
now ready to put together the assembly by lapping 
or scraping parts to fit, or by fastening it together 
with fastening devices, such as nuts, bolts, and 
screws. When you are assembling only one device 
or mechanism, you are not too i'^terested i:i the in- 
terchangeability of parts. But when several like de- 
vices are assembled, you would be interested in the 
interchangeability of the parts making up the de- 
vice. Therefore, you should inspect the parts for 
conformity to the blueprint, not only as to dimen- 
sions, but also as to the notes on Rockwell hard- 
ness, magnaflux inspection, or plating. Often a 
part may be wrong to a minor degree in a way that 
will not interfere with its interchangeability and it 
can still be used. This is a point at which good 
judgment enters into the rejection or acceptance of 
the part. Too much stress cannot be applied to the 
checking of such things as ^'hamfers, countersunk 
or counterborcd holes, reliefs, radii, and measure- 
ments. Another factor to consider in checking 
parts that are for close dimensions is the material 
of which they are made. Aluminum, magnesium, 
and brass have different contraction and expansion 
characteristics. High-grade steel is the least suscep- 
tible to temperature changes. The other grades of 
steel are much more susceptible to changes in tem- 
perature. Parts to be inspected for close dimen- 
sions should be inspected in normal room temper- 
ature of about 68° F. for best results. 
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14. Machine Fits 

14-1. The fitting of machined parts requires a 
knowledge of the types of fits and the reworking of 
parts. Many factors must be considered in select- 
ing fits, because one particular application may 
not be effective in all situations. Some of these fac- 
tors include bearing load, temperature, lubrication, 
materials used, and the speed of moving parts. At 
times, the length of engagement between the work- 
pieces must also be considered. 

14-2. Types of Fits, You will use various types 
of fits for mating parts. The type of fit that you se- 
lect will depend upon the intended use of the 
parts. The following information pertains to some 
of the common fits and their uses. Refer to chart 
10 for the allowances which are recommended for 
the various fits. 

a. Standard. The standard fit is a general pur- 
pose fit. Use a standard fit when parts must be as- 
sembled easily and when a special purpose fit is 
not required. 

fc. Revolving or running. Use a revolving or 
running fit when an internal part revolves within 
an external part or when an external part revolves 
around a stationary internal part. The internal part 
is always smaller in diameter than the external 
part. 

c. Sliding. Use a sliding fit when a part slides 
within another part. The tailstock spindle of a 
lathe is an example of a sliding fit. 

d. Drive. Use a drive fit to secure bushings in 
sleeves, pulleys, etc., and to assemble parts when 
other holding methods arc impractical. The inter- 
nal part is slightly larger than the hole in which it 
fits. The mating parts can be assembled with light 
hammer blows or with the aid of a vise. 

e. Force. A force fit is similar to a drive fit ex- 
cept that the difference between the mating parts is 
greater. Use an arbor press or other mechanical 
device to assemble the parts. 

/. Shrink. Use a shrink fit to obtain the maxi- 
mum grip between two parts, such as a flywheel 
and the ring gear that fits around it. The opening 
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Chart 10 
Allowance for Various Fits 



RUNNING FITS 


STANDARD FITS 


Diftmeter. 
InehM 


For SKafU with Speed* 
Under flOO R P M. 
Ordinary Workiag 

Cooditiona 
AllowftiicM. Inches 


For ShAfU with Speede 
Over 000 RP.M Heevy 
Prcaiure— Severe Workins 
ConditKNM 
AltowBoeee. Inchee 


Dift meter. 
ioehm 


For Ushf Service where 
Pkrt la Keyed to Shaft and 
Clamped Endwiee-~ 

No Fittint 
AUowaooei. Incliee 


With Play Bimiaated-- 
Part Should AaeemUo 
Readily— Some FttUnc 
and Selecttnt 
May be Raauired 
AUowanec*. iDchei 


Upto H 
Hto 1 

1 to2 

2 to3H 
3Hto6 


-0.0005 to -0001 
-000075 to -0.0015 
-0.0015 to -00025 
-0002 to -0.003 
-00025 to -0004 


-0.0005 to -0.001 
-0.001 to -0.002 
-0.002 to -0.003 
-0003 to -0.004 
-0.004 to -0.005 


Upto H 
Hto3H 
3HtoO 


SUndvd to -0.00025 
SUndard to -0.0005 
Standard to -0.00076 


Standard to +0.00025 
StJUidard to +0.0005 
Standard to +0.00075 


DRIVING FITS 


SLIDING FITS 


Disraeter. 
Inehefe 


For Permaoeat Awsmbiy d 

Paru BO Looaied that 
Driviaf Oanaot be Dom 
lUadUy 
AUowaM. iBChaa 


For Permaaent Aaeembly 
aad Severe Dut;* and 
whore there ir Ample 
Room for Driving 
AUowmMae. Ineheo 


DiaiMter. 
iaehm 


For BhnfU with Gewv. Cliitebik or SimUftr 
Pmrte which Mutt b« Fim to Slide 
AUownnoee. lachee 


Upto H 
Htol 

1 to2 

2 to3H 
3Hto6 


-0.0005 to -0 001 
-0.00075 to -0.0015 
-0.0015 to -0.0025 
-0.002 to -0003 
-0.0025 to -0004 


Upto H 
Htol 

1 to2 

2 to3H 
3H too 


Standard to +0.00025 
+0.00025 to +0.0005 
+0.0005 to +0.00075 
+0.0005 to +0.001 
+0.0005 to +0.001 


+0.0005 to +0.001 
+0.0005 to +0.001 
+0.0005 to +0.001 
+0.00075 to +0.00125 
+0.001 to +0.0015 



FORCED FITS 



Diameter. 
IneSMO 



Upto H 
Htol 

1 to2 

2 to3H 
3Hto6 



For P^maaest Aieembly and very Severe Service— 
Hydraulic Preee Ueed for Larser Parte 
AUowaacee. Inchee 



+0.00075 to +0.001 
+0.001 to +0.002 
+0.002 to +0.003 
+0.003 to +0.004 
+0004 to +0.005 
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in the outer part is smaller than the part it fits. 
Heat the outer part, which causes it to expand, 
and then place it on the inner part. When the outer 
part cools, it will shrink and grip the inner part 
tightly. 

g. Expanding. Use an expanding fit when a 
shrink fit is desired ^ut the nature of the work will 
not permit the outer member to be heated. Shrink 
the inner part by cooling it with solidified carbon 
dioxide (dry ice) or liquid nitrogen. Then place 
the cooled part, such as a valve seat, in the mating 
part and allow it to return to its normal tempera- 
ture. As it warms up it will expand and tighten 
against the mating part. 

14-3. Reworking Parts. Parts that are to be 
assembled must be free of burr**, sharp corners, 
and high spots. Parts are reworked so that they 
can be assembled properly and so that they will 
operate without binding. You can remove high 
spots by (1) filing, (2) using abrasive cloth or 
dtones, as shown in figure 118, (3) hand scraping, 
or (4) polishing and buffing. In extreme cases you 
may even have to set up the work in an appropri- 
ate machine and remove additional material by 
machining. You are already familiar with filing 
and the use of abrasives. Therefore, we will limit 
this discussion to polishing and buffing. 
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14-4. Polishing and Buffing. Polishing and 
buffing are sometimes considered to be identical 
ojjcrations. However, a distinction should be made 
between them. In polishing the abrasive is glued to 
the wheel, and in buffing the abrasive is applied to 
the wheel during the buffing operation. Buffing is 
a finer process than polishing. 

14-5. Polishing, Machine polishing is the proc- 
ess of removing a slight amount of material from 
the work by means of cushion type wheels and 
flexible belts. The abrasive grains are secured by 
glue or other cementing materials. Polishing 
wheels are driven at a relatively high speed. Figure 
119 shows a typical polishing and buffing ma- 
chine. You may be required to do the following 
types of polishing: 

a. Rough polishing on a dry wheel with a 
coarse abrasive up to 60 grain size. 

b. Dry finish polishing on a dry wheel with a 
fine abrasive 70 to 120 grain size. 

c. Oil polishing with a fine abrasive 120 or 
finer grain size, in which a grease, such as tallow, 
holds the abrasive. This type is nearly the same as 
buffing and is sometimes substituted for a buffing 
operation. 

14-6. Polishing wheels are made from a wide 
variety of materials. The type of wheel you use for 
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Figure 118. Abrasive stones. 
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a specific operation will depend upon such factors 
as the shape of the work, type of metal, abrasive 
grain size required, and desired finish. To do the 
job efficiently, you must use a round wheel that is 
properly balanced. Some of the most corpmon 
types of wheels are as follows; 

a. Sewed canvas — widely used for severe pol- 
ishing. The grain size varies from 24 to 46. It is 
made of canva? discs sewed together. 

b. Disc canvas — also made of canvas discs, but 
they are bonded together with glue. Use this wheel 
for heavy polishing. 

c. Compress — especially adapted for polishing 
irregularly shaped work. It is generally made of 



canvas or leather and comes in hard, medium, or 
soft grades, 

d. Felt — used to obtain a high luster on steel, 
iron, brass, or aluminum castings. The grain size is 
150 or finer, 

e. Sewed buff — a soft, flexible wheel used for 
rough and fine polishing of brass, aluminum, and 
steel sheets. 

/. Sheepskin leather— also a soft, flexible 
wheel. It is widely used to polish brass, aluminum, 
and corrosion-resistant steel sheets. 

g. Steel wire — used mainly to remove paint, 
corrosion, scale, etc., and for rough polishing. Al- 



POLISHING WHEEL 



BUFFING WHEEL 






53558 



Figure 1 19. Bench polisher. 
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Figure 120. Breaking a polishing wheel. 

though an abrasive is not used, it is still classed as 
a polishing wheel. 

14-7. Before using a brand-new nonmetallic 
polishing wheel, which is usually too stiff, you 
should "break" it along both sides of the entire cir- 
cumference with a metal rod, as shown in figure 
120. This will give the wheel enough flexibility for 
proper use. 

14-8. Buffing. Buffing is a smoothing operation 
that is achieved more by plastic flow of the metal 
than by abidsion. The primary purpose of buffing 
is to produce a high luster of color, not to obtain 
accurate dimensions. There are two major buffing 
operations: 

a. Cutdown. Cutdown buffing produces a rapid 
smoothing action bj means of fast cutting com- 
pounds (usually tripoli or silica) and relatively 
hard buffs. You buff with a high pressure and a 
high speed, allowing both abrasion and plastic flow 
to occur. The grain size is usually 120 or finer. 

b. Color. The purpose for color buffing is to 
produce a high luster or surface finish on the 
work. Use a soft abrasive, such as crocus (iron 
oxide) or lime. The grain size should be from 400 
to 600. 

14-9. In buffing you apply the abrasive to the 
buffing discs prior to or during the buffing opera- 
tion. The buffing compound consists of a grease 
binder and an abtasive. The binder is a mixture of 
tallow and stearic acid with other materials added. 
You hold the buffing compound firmly against the 
cloth on the wheel as it rotates until the cloth is 
saturated. You may apply more compound from 
time to time to improve the buffing action of the 
wheel. The heat generated by the friction softens 
the tallow, which spreads out and distributes the 
abrasive grains evenly over the face of the wheel. 
Tripoli, a form of natural silicon oxide, is the best 
abrasive for cutdown buffing. When you want 



sharp, even buffing, use emery paste or emery 
cake. Use aluminum-oxide and chromium-oxide 
compounds to color chromium or corrosion-resist- 
ant steels; crocus to color nickel and brass; and a 
lime composition to produce a high luster on 
nickel, brass, and bronze. 

15. Assembly of Mochined Ports 

15-1. The fitting and assembly of machined 
parts may involve the use of standard parts, the 
use of fixtures, precision measuring, a^id gaging 
processes. Often you will have to locate and drill 
holes for bolts, screws, and pins used in assembly. 

15-2. Standard Parts. You should, whenever 
possible, use standard fastening devices and bear- 
ings in the assembly of machined parts. Standard 
parts are usually readily available. Therefore, the 
number of parts that must be manufactured is re- 
duced. This reduces the cost. The following infor- 
mation will help you to select the proper types of 
fastening devices and bearings. 

15-3. Fastening devices. The most common de- 
vices for fastening parts together are bolts, screws, 
nuts, and pins. 

a. Bolts. A bolt is an externally threaded fas- 
tener whose threaded and unthreaded portions are 
the same nominal diameter. The unthreaded por- 
tion is known as the grip. A bolt head can be 
square, hexagonal, domed, or flat circular counter- 
sunk shaped, as shown in figure 121. Bolts must 
be assembled with a nut in order to serve as a fas- 
tener. A stud can be considered a type of bolt 
when it is installed in the parent metal. 

Screws. A screw is an externally threaded 
fastener whose shank is generally threaded along 
its entire length. Most screws, except those manu- 
factured for use in aircraft and missiles, have a 
lower material strength and a looser thread fit than 
a bolt of the same size. Screws differ from bolts 
mainly in that they are torqued by their heads into 
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Figure 121. Bolts. 
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Figure 122. Screws. 

a tapoed hole. The three main groups of screws 
are machine, structural, and setscrews. There is 
one other group, known as self-tapping, that forms 
its own mating threads in the part as its head is 
torqued. All four of these groups of screws can 
have the same style heads as bolts. These heads 



can have either a common screwdriver slot or a 

cross-point recess in them. 

Note: There are two types of cross-point re- 
cesses: Phillips, and Reed & Prince. The screw- 
driver for one type should never be used in a 
screw of the other type, because the recess will 
be damaged. 

Screws are usually described according to the 
shape of the heads. See figure 122 for illustrations 
of the more common types of screws. Because of 
the possibility of someone accidentally replacing a 
high-strength bolt with a weaker one, the Defense 
Department and aircraft industry devised a symbol 
system to mark the heads of bolts and screws. 
Some of these symbols, as shown in figure 123, in- 
dicate the type of metal of which the fastener is 
constructed, whether it is corrosion resistant, or if 
it is close tolerance. For further information, you 
should consult Technical Order l-lA-8, Struc- 
tural Hardware, 

c. Nuts. A nut is a square or hexagonal-shaped 
piece of metal with a threaded hole through the 
center so that it can be mated to a bolt or stud. 
The threads of a nut must correspond to the 
threads on the bolt or they will both be damaged. 
There are many types of nuts. The most common 
ones are illustrated in figure 124. The castle, 
shear, and slotted engine nuts all require the use of 
a cotter pin to prevent them from backing off the 
bolt after installation. Self -locking nuts do not re- 
quire any assistance to hold their position on a 
bolt. 

Note: A fiber insert self-locking nut, as shown 
in figure 125, is used on an aircraft or missile 
only one time. Once it is removed from the bolt, 
il is no longer self-locking. 

Nuts are made of almost all metals, but the most 
common ones are made from steel, aluminum, and 
brass. 

d. Pins. Pins are used to retain parts in a fixed 
position and to maintain alinement. The most 
common types are the flathead, plain and threaded 
taper, cotter, straight, and spring pins, as shown in 
figure 126. 
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Figure 123. Bolt head markings. 
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Figure 124. Nuts. 



( 1 ) Flathead pins, sometimes called clevis pins, 
are used on secondary connections that do not op- 
eiate continuously. This type of pin should be se- 
cured with a cotter pin and installed with the head 
up. if possible, as shown in figure 127,B. 

(2) Taper pins are used in joints that carry 
shear loads where the absence of clearance is es- 
sential. They should also be used for parts that 
have to be taken apart frequently, since their re- 
moval does not damage the hole. When parts must 
be kept in absolute alinement, use taper pins. 
There are two styles of taper pins; one without 
threads that is secured with safety wire and one 
with threads that is secured with a nut. 

(3) Cotter pins are used to secure bolts, 
screws, nuts and other pins, as shown in figure 
127, A, and should not be used more than once. 

(4) Straight pins are used to keep pans in 
alinement or in a fixed position. They are solid, 
with a small chamfer on one or both ends, which 
enables the pin to slide into the hole easily. These 
pins are sometimes hardened to increase their 
strength. 

(5) Spring pins are slotted or coiled, cham- 
fered, heat treated, and manufactured with a 
slightly greater diameter than the holes in which 
they are to be used. They are stronger than mild 
carbon steel straight and taper pins. The main ad- 
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vantages of spring pins are that they do not need 
securing and will not loosen by vibration. This is 
because of the continuous spring pressure exerted 
against the sides of the hole by the tendency of the 
pin to spring apart. Spring pins can also be used 
one inside another to increase shear strength 

15-4. Bearings. Bearings support or guide var- 
ious moving parts of machinery, such as shafts. 
There are two types of bearings: plain and anti- 
friction. 

a. Plain. Plain bearings are generally made 
from material such as bronze, which is hard 
enough to wear well, but softer than the material 
that it contacts. When a plain bearing is pressed 
into a hole, it is known as a bushing. Bushings can 
be plain or flanged, as shown in figure 128, and 
are replaced when they become worn. Another 
type of plain bearing is the thrust bearing, which is 
designed to resist movement of a shaft toward ei- 
ther end. Plain bearings depend upon lubricants to 
reduce friction and wear. There are also special 
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Figure 125. Fiber insert nut. 



80 



Figure 126. Pins. 
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Figure 127. Application of cotter pin, castle nut, and 
flathead pin. 

bearing materials that have a lubricant impreg- 
nated into the pores of the metal. Bronze that has 
been impregnated with oil is known as "oilite" and 
is very useful for bearings that cannot be lubri- 
cated regularly. 

b. Antifriction. Ball and roller bearings are the 
most common types of antifriction bearings. Very 
little friction is present in these bearings because of 
the small area of contact between the balls or roll- 
ers and the bearing races and because of the roll- 
ing, rather than sliding, action. 

( 1 ) Ball bearings of the type shown in figure 
129 consist of an outer and an inner race, which 
are separated by freely moving balls; they are pri- 
marily intended to resist radial thrust. Ball bear- 
ings of the type shown in figure 130 are used to 
resist end thrust. 



FLANGED BUSHING 





PLAIN BUSHING 





FLaNGED 
THRUST BEARING 



FLAT 
THRUST BEARING 

53-S6I 



Figure 128. Bushings and bearings. 
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Figure 129. Ball bearings. 

(2) Roller bearings, shown in figures 131 and 
132, are similar to ball bearings except that rollers 
are used instead of balls. The rollers may be cy- 
lindrical, tapered, or barrel shaped. Bearings with 
rollers that are relatively long compared to the 
roller diameter are called needle bearings. Tapered 
roller bearings are usually used to combat ex- 
tremely high end thrust. Additional information 
pertaining to fasteners and bearings can be found 
in publications such as the Machinery's Hand- 
book, and TO 1-1 A-8, Structural Hardware. 

15-5. Jigs and Fixtures. Jigs and fixtures are 
very similar workholding devices. The principal 
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Figure 130. Ball type thrust beaiing. 
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Figure 131. Straight roller bearing. 



difference is that a jig not only can hold the work, 
but it guides the cutting tool. Using ji"*^ and fix- 
tures can save time when many like it* require 
the same machining operations. Their use elimi- 
nates having to lay out each piece individually. 
Once the jig or fixture has been fabricated, it can 
be used by less skilled personnel to produce accu- 
rate work. 

15-6. Jigs. The two most common types of jigs 
are the drill jig and the boring jig. Drill jigs are not 
only used for drilling, but can also be used for 
reaming, tapping, counterboring, and countersink- 
ing. You will use most drill jigs in a drill press, but 
some will be designed to be used directly on the 
equipment to be modified. Boring jigs are used 
on milling machines for boring large holes that 
would not be practical to drill. They are also used 
when extreme accuracy or hole alinement is re- 
quired. 

15-7. Fixtures. The class of a fixture is deter- 
mined by the machine on which the fixture is to be 
used. The type is determined by the construction 
and features of the fixture. Some of the more com- 
mon types of fixtures include the angle plate and 
the jaws of vises and chucks. Other types of fix- 
tures include the gang fixture, which holds many 
identical items for machining in the same pass of 
the cutter. The duplex fixture is usually mounted 
on a milling machine and designed ^ that while 
one part is being machined another part is being 
loaded or unloaded. In this way, there is a mini- 
mum of time lost waiting for the machine to finish 
the cut before inserting a new piece. You can find 
additional information on jigs and fixtures in the 



Machinery's Handbook and other technical publi- 
cations. 

15-8. Precision Measuring and Gaging. A gage 
is a device which is used to determine whether or 
not the dimensions of a manufactured part are 
within specified limits. Fixed gages are used more 
than any other type. Fixed gages may be subdi- 
vided into these general classes: ring, receiving, 
plug, pin, snap, length, flushpin, thread, form, and 
gage block. 

a. Ring. A ring gage has a circular hole that is 
ground accurately to a specified size. Ring gages 
are frequently used in pairs. The difference in the 
hole sizes of the two gages is equal to the tolerance 
of the parts being machined. A pair of ring gages 
is known as go-no-go gages. If a part fits into the 
larger gage but does not fit into the smaller gage, it 
is within tolerance. A part that fits into the smaller 
gage is too small and is not acceptable. A part that 
does not enter the larger ring gage is too l&rge and 
must be remacliined. 

b. Receiving. Recdving gages are similar to 
ring gages. They are used to check the size and 
contour of noncircular parts. They are used quite 
extensively to check splined shafts. 

c. Plug. A plug gage has an outside gaging sur- 
face that is shaped to fit a hole. It may be round, 
tapered, or irregular in shape. It may have either 
an integral or a replaceable handle. Like ring 
gages, they may be used in pairs as go-no-go 
gages. 

d. Pin. Pin gages are used for measuring large 
holes when a plug gage may be too heavy. The pin 
gage is placed lengthwise across the hole and the 
measurement is made in a manner similar to meas- 
uring with an inside micrometer. Pin gages may 
also be used to measure the width of slots and 
grooves. 

e. Snap. Snap gages are gages with inside meas- 
uring surfaces for checking diameters, lengths, 
thicknesses, and other similar dimensions. 

/. Length. A length gage is a special device that 
is designed to replace a machinist rule. This type 
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Figure 132. Needle and tapered roller bearings. 
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of gage is used when a large number of parts is to 
be made, since the workpieces can be checked 
quickly. 

g. Flushpin. Flushpin gages are used for gaging 
special shapes that may be difficult to check by 
conventional methods. They are primarily used to 
gage the depth of slots. 

h. Thread. Thread gages are made in the form 
of ring or plug gages. This gage has definite limita- 
tions for precise measurement. Single full-form 
plug or ring screw gages cannot be used to check 
all the thread elements. At least three sets of plug 
and ring gages are required to check a screw 
thread completely. One set is used to check the 
pitch diameter, the second to check the major di- 
ameter, and the third to check the minor diameter. 

/. Fonn. As a rule, the ring and plug gages are 
used for checking ordinary work. When greater ac- 
curacy is required, a method such as contour 
projection is employed. Form gages are specially 
designed to check the form or contour of a work- 
piece. An example of a form gage is a gage that is 
used to check the angles and shape of a lathe tool. 

/. Gage block. Gage blocks are used to check 
measuring instruments, to set indicating gages, and 
to locate work. The gage blocks commonly known 
to all machinists are the Johansson gage blocks. 
They are made of special steel to resist wear and 
temperature changes. Gage block sets vary in their 
accuracy. Some sets are accurate within 0.0001 
inch and others may be accurate within 0.000002 
inch. The accuracy (and the price) of a set of 
blocks is determined by the precision with which 
they are made. These blocks have such a fine, 
smooth finish that they will adhere to each other 
after being firmly pressed together. Gage blocks 
are used extensively to set up sine bars. 

lS-9. Nondestructive Inspection Methods, The 

visual inspection of material, parts, and complete 
units is no longer the most important method of 
determining '.iieir condition. Various nondestruc- 
tive inspections are now used to detect varia- 
tions in structure, changes in surface finish, and 
the presence of such physical discontinuities as 
cracks. Although Nondestructive Inspection, AFSC 
536X0, is now a separate ladder of the metalwork- 
ing career field, you should have a basic under- 
standing of nondestructive inspection methods. 

15-10. Penetrant inspection. Penetrant inspec- 
tion is used to inspect nonporous materials for de- 
fects open to the surface. Surface defects are all 
types of cracks in connection with welding, grind- 
ing, fatigue, forging, seam laps, or poor bonding 
between two metals. Penetrant methods are re- 
stricted to the location of defects open to the sur- 
face. The main types of penetrant inspection are 
dye and fluorescent. 



a. Dye penetrant method. Advantages of this 
method are that it provides a fast, on-the-spot 
inspection during overhaul or shutdown periods, 
and the initial cost of the test is relatively low. A 
perfectly white or blank surface indicates freedom 
from cracks or other defects that are open to the 
surface. Disadvantages are that it is not practical 
on rough surfaces and the color contrast may be 
limited on some surfaces. 

fc. Fluorescent penetrant method. Advantages 
of this method are that the test is positive even on 
rough surfaces, the procedure is easy, and the lo- 
cation and size of the defects are marked for visual 
inspection. Disadvantages are that an ultraviolet 
light is needed and only clean defects open to the 
surface can be detected. 

15-11. Magetic particle inspection. Certain ma 
terials have the property of attracting iron and 
steel. Th's property of attraction is called magnet- 
ism. Some metals which have this property, be- 
sides iron and steel, are nickel and cobalt and 
some of their alloys. Magnetic particle inspection 
reveals surface or near surface defects. Magnetic 
particles tend to adhere to the surface of a magnet- 
ized object only at points where discontinuities 
(such af cracks) are located. This method is not 
suited for very small deep-seated defects. The 
deeper the defect is below the surface, the larger it 
must be to show up. With magnetic particle 
inspection, the surface to be inspected must be 
available to the inspector. This means that shafts 
or other equipment cannot be inspected without 
removing pressed wheels, pulleys, or bearing hous- 
ings. This method has several advantages. It can 
be used on any magnetic type material, and it is a 
positive method of finding cracks at the surface. 

15-12. Eddy current inspection. Eddy current 
inspection is used to detect surface, or near sur- 
face, defects in most metals, to identify metals, and 
to detect fire damaged areas. It can be applied to 
airframe parts or assemblies where the defective 
area is accessible to contact by the eddy current 
probe. This type of inspection is highly sensitive. 

15-13. Ultrasonic inspection. Ultrasonic mspec- 
tion is used to detect surface and subsurface de- 
fects, such as cracks, lack of bond, laminations, 
and porosity. It can also be used for gaging thick- 
ness, detecting corrosion and detecting air leaks in 
pressurized systems. One big advantage of this 
method is that it can be used to inspect both me- 
tallic and hard nonmetallic materials. 

15-14. Radiography. Radiography includes 
X-ray and gamma ray inspection. X and gamma 
radiations, because of their unique ability to pene- 
trate material and disclose defects, have been ap- 
plied to the radiographic inspection of castings, 
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Figure 133. Commercial type Ezy-Out extractor. 



welds, metal fabrications, and nonmetallic prod- 
ucts. Radiographic inspection is superior to many 
other methods because it provides a permanent 
visual representation of the interior of the test ob- 
jects. This method reveals the nature of a material 
without alteration, damage, or destruction to the 
material; discloses errors in manufacturing proce- 
dures; and discloses structural unsoundness, as- 
sembly errors, and mechanical malfunctions. 

16. Removal and Replacement of Studs^ 
Plugs, Screws, and inserts 

16-1. You will frequently have to remove and 
replace such threaded fasteners as studs, plugs, 
screws, and inserts. Certain types of aircraft studs 
require frequent removal and replacement, espe- 
cially those that are subjected to stress caused by 
intermittent loading. When you must replace a 
stud that has been damaged, you should always in- 
spect the threads of the parent metal from which 
the stud has been removed. A careful examination 
will often reveal thread weakness. If you can cor- 
rect this weakness, you can prevent the threads 
from tearing out when the replacement stud is 
screwed into place. 

16-2. Stud failure may be due to several causes 
other than stress and intermittent loading. For in- 
stance, vibration and exposure to heat on aircraft 
engines may cause stud failure. Disregard of tech- 
nical orders and safety factors on the part of the 
aircraft mechanic, usually involving excessive 
torque, and the abuse of parts during mounting or 
dismounting are causes of damage. Regardless of 



the cause of the failure, it will be your job as a ma- 
chinist to remove and replace the stud, plug, 
screw, or insert without damaging the parent part. 

16-3. Removal. No specific methods or pro- 
cedures can be recommended for the removal of 
studs, plugs, or inserts. Regardless of the method 
you may have to use, your first concern must be to 
protect the threads of the parent part from dam- 
age. If the threads in the parent part are either 
damaged or destroyed, it may be necessary to 
manufacture and install an oversize stud or insert. 
In some cases, the parent part will have to be re- 
placed with a new part. When an aircraft or engine 
part is involved, this can be very expensive. 

16-4. Removing a stud can be very simple or 
extremely difficult You can sometimes file a 
square on a stud that protrudes above the parent 
metal and, with a wrench and some penetrating 
oil, remove the stud. Occasionally, a stud that has 
broken off flush with the parent metal can be 
jarred loose with a punch and hammer and twisted 
out by hand. If there are remaining threads on the 
stud, you can lock two nuts on the stud and re- 
move it with a wrench. When a stud breaks off in 
an area in which there are two adjacent studs, you 
can use a drill jig as an aid in drilling out the bro- 
ken stud. The jig is so constructed that it is held by 
the two adjacent studs, and a guide hole lines up 
over the broken stud. A drill jig makes the drilling 
of a stud easy and accurate. In most cases you will 
not be able to determine what caused the stud to 
fail and you will not know how tightly the stud is 
held in the parent metal. 
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Chapv 11 
EzY-OuT Dro-l Sizes 



EXTRACTOR 
NUMBER 


DIAMETER 
AT SMALL 

END 
(INCHES) 


DIAMETER 
AT LARGE 

END 
(INCHES) 


LENGTH 

OF 
FLUTES 
(INCHES) 


LENGTH 
OVERALL 

(INCHES) 


SIZE DRILL 
TO USE 

(INCHES) 


1 


0.054 


0. 1 17 


1/2 


2 


5/64 


2 


0*080 


0. 174 


3/4 


2 3/8 


7/64 


3 


1/8 


1/4 


1 


2 11/16 


5/32 


4 


3/16 


21/64 


1 1/8 


2 7/8 


1/4 


5 


1/4 


7/16 


1 1/2 


3 3/8 


17/64 


6 


3/8 


19/32 


1 3/4 


3 3/4 


13/32 


7 


1/2 


3/4 


2 


4 1/8 


17/32 


8 


3/4 


1 


2 


4 3/8 


13/16 


9 


1 


1 9/32 


2 i/4 


4 5/8 


1 1/16 


10 


1 1/4 


1 9/16 


2 1/2 


5 


1 5/16 


11 


1 1/2 


1 7/8 


3 


5 5/8 


1 9/16 


12 


1 7/8 


2 5/16 


3 1/2 


3 1/4 


1 15/16 



16-5. Your ingenuity as a machinist will be a 
great help in the removal of broken studs. A cer- 
tain stud may be removed easily on one occasion 
and the same type of stud on another occasion 
may not come out at all. Ideally, a stud should be 
removed in the shop. However most studs, plugs, 
and inserts must be removed from the aircraft on 
the flight line. There are probably as many meth- 
ods of stud removal as there are studs, and you 
will have to use ingenuity and common sense to 
select the method that is applicable to the job. We 
will discuss some of the most common methods. 

16-6. Penetrating oil. You can sometimes expe- 
dite the removal of a stud by applying penetrating 
oil to the stud and the parent part. The oil helps 
break up any corrosion between the threads. This 
will sometimes loosen the stud enough so that you 
can twist it out by using pliers, vise grips, or a 
commerical stud driving and removal kit. Pene- 
trating oil has a disadvantage. You must be careful 
that it does not soak electrical wiring and damage 
the insulation. 




16-7. Extractors. You can use extractors, such 
as the Ezy-Out, shown in figure 133, to advantage 
to remove studs, plugs, screws or inserts without 
damaging the parent metal. If the stud to be re- 
moved is not corroded too badly and Ezy-Outs are 
available, it is best to first try to remove the stud 
with an Ezy-Out. An Ezy-Out has a square ta- 
pered body with a left-hand twist, giving it the ap- 
pearance of a left-hand thread. When the Ezy-Out 
is inserted in the drilled hole in the stud, it tends to 
screw in and lock in position. 
Note: A hole drilled in a stud should be as 
close to the center of the stud as possible. 

You can normally remove a stud with an Ezy-Out 
by using the proper amount of pressure to turn it 
out. Howevt • the Ezy-Out will not always remove 
the stud, and it is easily broken by too much twist- 
ing pressure. For ordinary conditions the makers 
of Ezy-Out recommend certain drill sizes, such as 
the sizes shown in chart 11. Unusual conditions 
may require the use of larger drill sizes, depending 
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Figure 1 34. Ground tool type extractor. 



upon the length of the broken part or its depth in 
the parent part. If commercial extrp.ctors are not 
available, you can make a good stud f^xtracior by 
grinding a high-speed lathe tool with a square ;a- 
pered end, as shown in figure 134. Drive the 
squve tapered end lightly into the hole drilled in 
the . The square taper cuts into the wall of the 
siv ving the tool groo/es to hold in when you 
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Figure \Z5. Drilling a broken stud. 



twist it with a wrench. You should turn the Ezy- 
Out or the ground tool with even pressure. The 
best way to do this is by using either a tap wrench, 
as shovn in figures 133 an:^ 134, or two wrenches 
placed opposite one another on the extractor 
shank. Pressure is applied equally to both. This is 
especially important in the initial loosening of the 
stud. Usually, once a stud is loosened in this man- 
ner, it will screw out of tlie hole without further 
difficulty. But if the stud is corroded too badly, the 
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r'ijure 136. Spot punching a broken stud. 
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Figure 137. Spark plug drill jig. 

extractor will slip out or break when you apply the 
twisting force. 

NofE: Before using either a commercial Easy- 
Out or a ground tool to remove a broken stud, you 
should drill the stud through its entire length. 
Then, if the Ezy-Out or ground tool should break 
off inside the stud while you arc attempting to re- 
move it, the broken off piece can be driven down 
into the space between the end of the stud and the 
bottom of the hole. The stud can then be drilled 
out without damaging the drill or the hardened 
piece of the extractor. 

16-8. Drilling. Broken studs may be removed 
by drilling out the portion left in the parent part, 
as shown in figure 135. There are several methods 
of drilling out broken studs. Probably the most ac- 
curate method of drilling is to use a drill jig. How- 
ever, due to close working quarters, you \;ill some- 
times have to drill without a jig. Usually, you 
should try to spot punch the center of the broken 
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Figure 138. Ircpanning tool. 
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stud, as shown in figure 136, and then drill for an 
extractor. The accuracy of the drilled hole will de- 
pend entirely upon your skill, and if the extractor 
fails, you will have to drill the stud completely out. 
The object of drilling is to drill out the exact cen- 
ter of the stud and not touch the threads in the 
parent part. If you leave a thin enough wall, you 
can sometimes remove the remainder of the stud 
with the point of a scribe or a similar sharp- 
pointed tool. 

16-9. Drill jigs. You will use drill jigs quite fre- 
quently in stud removal. There are so many types, 
styles, and configurations of drill jigs that we could 
not possibly explain all of t>em. Drill jigs are 
made for specific recurring jobs. A typical drill jig. 
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Figure 139. Solid insert. 

such as the one shown in figure 137, is used to 
drill the base of a broken ipark plug. The four 
holes in the face of the jig guide a drill into the 
waP of the plug base. After the drilling is com- 
plete J, you can remove the jig and tap the sections 
between the holes inward toward the center with a 
chisel to loosen the thread from the mating part. 
Sometimes, drilling the plug base loosens it enough 
so that you can unscrew it by using an extractor of 
the proper size. 

16-IO. Welding. It is possible to remove a worn 
or damaged stud by welding a nut to the protrud- 
ing portion of the stud. It is also possible to build 
up a stud that is broken off below the surface of 
the parent part and then weld a nut on the stud, h 
wronch is then used to turn out the stud. The 
V. elding should be done by a welder. Great care 
roust be taken to protect the parent part from 
damage from welding splatter. Welding equipment 
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Figure 140. Installation of solid insert. 

should not be used around aircraft. The part must 
be removed and brought to the shop. 

16-11. Trepanning. You can also remove studs 
and inserts by the trepanning method. Trepanning 
is generally used when the parent metal around the 
stud has become so damaged that it is impossible 
to save the threads. You should use trepanning 
only as the last resort, since it involves making a 



replacement insert or installing a stud with over- 
size threads. Since commercial trepanning tools 
are not available, you will have to manufacture the 
cutter. Trepanning tools (see fig. 138) can be 
made to fit nearly any size of stud. The tool works 
like a hollow mill. The disadvantage of trepanning 
is that the original threads in the parent part are 
destroyed and oversize threads must then be 
tapped into the parent part. You should use this 
method only when there is absolutely no possibility 
of replacing the damaged stud with a standard 
sized stud. 

16-12. Replacement. Successful stud or int>ert 
replacement usually depends upon the removal of 
the faulty part. In most cases, if you encounter no 
trouble in the removal and the threads ; re not 
damaged in the parent part, it will be necessary 
only to clean out the mating threads with the cor- 
rect size tap, and make the replacement with 
standard parts. If you do encounter trouble during 
the removal and the thread in the parent part is 
damaged, it will be necessary to tap the parent 
part with an oversize tap and install an oversize 
part. There are occasions, however, when even if 
the part has been removed and there is very little 
damage to the parent part, you should use an over- 
size replacement part. This is especially true on 
aircraft engine work where safety depends upon 
perfect threads in every part. You will have to use 
your judgment on equipment other than aircraft as 
to how well the part must fit. Technical orders will 
often specify the use of oversize studs. 

16-13. Studs. Studs are generally made with 
fine threads on one end and coarse threads on the 
opposite end, which is the end that fits into the 
parent metal. Coarse threads are used because 
they are de'^per and stronger. Many times when 
studs on aircraft engines need replacing, the techni- 
cal order mil require that an oversize stud be 
used as the replacement. Oversize studs are identi- 
fied by numbers or symbols on one end of the stud 
which indicate an increased pitch diameter on the 
coarse threaded end. Certain oversized studs re- 
quire oversized tapping of the hole before inser- 
tion. Oversize taps are merked as such on the tap 
shank and usually come in sets. Oversize studs are 
removed and installed in the same manner as 
standard size studs. 

16-14. Solid inserts. You sometimes use a solid 
insert, shown in figure 139, to return a hole to its 
original size in the parent part. In some cases a 
bronze or brass insert is satisfactory. But, if heavy 
or intermittent loading is evident, it may be desira- 
ble to use a sfninless steel or nickel steel insert. 
The pitch diameter of the insert threads should be 
0.0015 inch to 0.0025 inch larger than the pitch 
diameter of the threads in the hole in which the in- 
sert is to be installed. The oversize produces a 
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Figure 141. Diagram of a heli-coil insert. 



tight fit and keeps the insert from working loose. If 
there is sufficient area around the stud hole, the 
insert flange should be wide enough to allow a 
straight or threaded pin to be used for a lock, as 
shown in figure 140. If the flange is quite wide, 
you should use one large pin. If the flange is nar- 
row, you should use two pins. The pins are usually 
made from stainless steel rod about Y^^^ inch to 
%o inch in diameter, or even larger in the case of 
very large inserts. 

16-15. Heli-coil inserts. As shown in figure 
141, these are spring-shaped thread inserts that 
are made of 18-8 stainless steel or phosphor 



bronze wire. A cross section of the wire in one of 
these inserts appears to have the shape of a dia- 
mond. Heli-coil inserts provide new threads that 
resist wear, corrosion, stripping, galling, and cross 
threading. On new equipment, Heli-coil inserts 
help prevent thread failure before it starts. They 
reduce maintenance costs and their great strength 
permits the use of smaller and fewer screws and 
bv/lts, smaller bases, and thinner flanges. They pro- 
vide an inexpensive way to restore dam ^jtd or 
stripped threads to their original size. One advan- 
tage of Heli-coil inserts is the ease with which they 
may be removed and replaced. Another advantage 
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Figure 142. Heli-coil kit. 
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Figure 143. Heli>coil handtool set. 

is that the material they are made of is harder than 
most screws and bolts. Therefore, if damage does 
occur, it is the screw or bolt that is damaged, 
rather than the insert. The smooth finish of the in- 
sert makes it desirable for aircraft repairs becaiise 
there is less danger of seizure of the mating screw 
threads. The smooth finish reduces thread strain 
and increases the tightness of the mating threads. 
Heli-coil inserts are especially useful in soft mate- 
rials, such as aluminum and magnesium. 

Note: Stainless steel screws or bolts should 
never be used in Heli-coil inserts because of the 
strong possibility that the threads will seize. 

Aircraft manufacturers are using the Heli-coil in- 
sert more and more in the manufacture of air- 
frames and engines, especially in the later models 
of jet aircraft. 

16-16. Heli-coil kits, similar to the one shown 
in figure 142, are made up to cover a specific 
range of standard thread sizes. These kits usually 
have a chart inside their covers with tap drill sizes 
and installation data on them. If the kit is not 
available, you can remove and replace almost any 
Heli-coil insert with three basic tools, consisting of 
an extractor, tap, and inserting tool, as shown in 
figure 143. Every size of Heli-coil insert has its 
own special tap and inserting tool and you use the 
extractor for any insert within its range, as shown 
in figure 144. 

Note: You can also use a ground lathe tool 
stud extractor as a Heli-coil extractor. 
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Figure 144. Heli-coil extracting tool. 

16-17. There are several important things to re- 
member in installing Heli-coils. You should always 
use the correct tap drill size for the size of Heli- 
coil you are installing. Some Heli-coil taps come in 
two sizes, roughing and finishing, and are marked 
as such on the tap shank. If you rough tap the hole 
and install the Heli-coil, the screw or bolt will not 
screw into it. So be sure that you use a finishing 
tap before installing the Heli-coil. After installing 
the Heli-coil, its drive tang must be removed. 
There is a special tool called a tang breakoff tool 
that you can use. If a tang breakoff tool is not 
available, you can use a drive pin punch and ham- 
mer. The drive pin punch should be slightly 
smaller than the minor diameter of the Heli-coil. If 
the minor diameter of the Heli-coil permits, a pair 
of long-nosed pliers can be used to break the tank 
off. You should never use the inserting tool to 
break off the tang, because the tool could )reak or 
the bottom thread of the Heli-coil could be dam- 
aged. If the Heli-coil or its broken off tang is acci- 
dentally dropped into an inaccessible area» you can 
use a small magnet to retrieve it. Additional infor- 
mation can be found in Technical Order 
44H1-1-1 17, General Installation of Heli-Coil In- 
serts, and Technical Order 1-1 A-8, Strucv4ral 
Hardware. 
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* Machine Tool Maintenance 
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npHE AMOUNT of machine tool maintenance 
^ that a machinist in an Air Force machine 
shop is required to do varies with different bases. 
Every machinist is responsible for a certain 
amount of routine maintenance involving installa- 
tion, cleaning, painting, lubrication, minor adjust- 
ments, and troubleshooting. The machinist is not 
responsible for major repairs. When facOities are 
available, major repairs are made locally. Other- 
wise, they are made by contract maintenance. 

2. Even the most highly skilled machinist can- 
not do accurate work on a machine that has been 
improperly installed or needs maintenance. The 
machinist must do a certain amount of routine 
maintenance to insure that his work wUl be safe 
and accurate and to prevent damage to the ma- 
chine. 

3. In this chapter we will discuss the installa- 
tion, servicing and adjustment of machine tools. 
Let's consider first the installation of machine 
tools. 

17. Insfollofion 

17-1. Machine shop personnel are often re- 
quired to move and install machine tools. Installa- 
tion includes locating, painting, leveling, and se- 
curing the machine. 

17-2. Let's assume that you are getting a new 
machine in your shop. You should understand the 
importance of locating it properly with respect to 
the available workspace, leveling the machine, and 
attaching it securely to the floor to prevent vibra- 
tion. 

17-3. Location. The first problem concerning 
the installation of any machine tool is that of lo- 
cating the machine in the shop. What is the 
amount of available workspace in the shop? How 
much workspace is occupied by other machines? 
What are the dimensions of the machine to be in- 
stalled? Can the machine be located so that it will 
not interfere with the operation of other machines? 
The manufacturer furnishes a plan dimension with 
each new machine. Some technical orders may 
also have these dimensions. Allow ample space 



over and above the dimensions on the plan draw- 
ing. Allowance must be made, for instance, fcwr the 
table movement of a shaper or milling machine. 
Leave plenty of room for the operator to work 
around the machine. The floor should be solid and 
fairly level. In some instances it may be necessary 
to reinforce the floor to prevent the machine from 
vibrating because vibration could cause the ma- 
chine to get out of level. 

17-4. Some machines are provided with holes 
that extend horizontally through the base. Sections 
of pipe or bar stock of convenient length and size 
are inserted through these holes to provide a 
means for lifting the machine. Other machines 
have lifting lugs; their location on the surface of 
the base insures that the lift will be exerted at the 
balance points of the machine. There are many 
ways to lift or move a machine. The most common 
way is to use a hoist. When you use a hoist you 
should use a heavy fiber rope sling on the ma- 
chine. Using a chain is not practical since the 
chain will not follow the form of the machine a&d 
it may damage some part of the machine. Heavy 
fiber rope will follow the form very readily and the 
strain will be equalized throughout its full length. 

17-5. Paintiflqg. Machines occasionally require 
repainting in accordance with TO 34-1-3, Repair 
and Maintenance — Machinery and Shop Equip' 
ment It is Air Force policy to highlight the work- 
ing area of the machine and other critical parts by 
painting the background surfaces with ivory-col- 
ored enamel. This color reflects the light and 
causes the work areas of the machine and tools to 
stand out against the ivory background. Highlight- 
ing increases visibility and reduces eyestrain. 
Other surfaces that require painting should be 
painted with a glossy grey enamel. TO 34-1-3 
contains illustrations of typical machines and the 
areas that should be highlighted. 

17-6. The operation of some machines may in- 
volve extremely hazardous conditions, such as 
open flywheels, gears, or other moving parts that 
cannot be guarded. These parts should be painted 
orange. However, overuse of the orange color will 
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Figure 145. Placement of levels on milling machine. 

defeat the intended purpose. Machined parts, such 
as faceplates, chucks, spindles, etc., should not be 
painted. For instructions on surface preparation 
prior to painting, consult TO 34-1-3. 

17-7. Leveliiig. After the machine is in place 
on the floor, it must be leveled. You can use hard- 
wood wedges, shingles, or shimstock to level it. 
They are placed under the base of the machine, 
usually in the area of the mounting bolts. Use a 
precision level to check the levelness of the ma- 
chine. An ordinary carpenter^s level or a combina- 
tion square level is not sensitive enough for this 
job. Figure 145 shows the level test positions for 
leveling a milling machine. When you level a lathe 
you should position the precision level crosswise 
and lengthwise on the ways, as shown in figure 
146 

17-8- Securing. Most machines must be fas- 
tened to the floor. Some rest on a base or on legs. 
Figure 147 shows various methods of fastening a 
machine to a floor. You can use lag screws in con- 
crete or wood. Drill holes in the concrete, and 
place metal shields or pour molten lead in the 
holes. Then tighten the lag screws in the holes. If 
the floor is wood, screw the lag screw directly into 
the wood. After securing the machine to the floor, 
check for levelness again, and correct as required. 



18. Servicing 

18-1. Servicing of machine tools includes lubri- 
cation, cleaning, and storage. Servicing also in- 
cludes the changing of coolants and cutting oils. 
Occasionally, the hydraulic fluid must be replen- 
ished or changed. 

18-2. Lubricatioit All machine tools have defi- 
nite lubrication requirements for spindle bearings, 
work heads, ways, lead screws, gearing, and var- 
ious bearings. All these require lubricants with the 
proper chemical stability, proper viscosity of oil or 
consistency of grease, and a high film strength. Be- 
cause there arc o many oil companies refining lu- 
bricating oils and greases under so many different 
trade names, it would be difficult to make any rec- 
ommendations here on the kind of oil or giease to 
use on the operating parts of machine tools. For 
this reason, it is always best to consult the opera- 
tor's manual, technical order, or machine data 
plate for the lubrication needs of the machine. 
This is important, especially on some of the preci- 
sion grinders, since a regular medium grade of oil 
will usually cause the spindle to heat excessively 
and seize. Most grinder spindles require a very 
fine grade of oil. Usually, the lubricant recommen- 
dations in the operator's manual are general, 
whereas each oil company recommends using spe- 
cific types of lubricant. It is up to the machinist to 
convert the general oil specification from the oper- 
ator's manual to the specification recommended by 
the manufacturer. Oils and greases are also made 
by oil companies to meet Government specifica- 
tions. Always use the grade of oil recommended in 
technical orders, in operator handbooks, or on the 
data plate of the machine. During the "breaking 
in" period of a new machine, be sure that all bear- 
ings are oiled and that none of them run hot. K the 
machine has an oil reservoir, the oil must be 
changed periodically. Remove the plug to drain 
the oil and flush the reservoir with an approved 
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Figure 147. Fastening devices for securing machines. 



solvent before you refill it. The machine should be 
running drring the flushing process. 

18-3. Cleaning. Working parts that are ex- 
posed ir dust, water base coolant, and chips 
should be cleaned and oiled frequently. Chips 
should not be allowed to accumulate on the sur- 
face of the table, on the ways, or on any flat bear- 
ing surface. Corrosion or ships on a bearing sur- 
face can affect the alinement of the cutting tool 
and cause premature wear of the bearing surfaces. 

18-4. Storage* The operation of a machine 
shop involves the use of a great variety of mate- 
rials, such as shop equipment, handtools, cutting 
tools, chucks, arbors, measuring devices, attach- 
ments, etc. You may use many of these items 
daily — others only occasionally. Those which are 
used frequently in the operation of a particular ma- 
chine should be stored in a location convenient to 
the machine. Many machine tools, such as contour 
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Figure 149. Crossfecd screw wear adjustment. 

machines, have cabinets or tables that are specifi- 
cally designed for the storing of attachments and 
tools used on that particular machine. The pol- 
ished and finished surfaces of machines, such as 
the ways of a lathe, or the table of a milling or 
contour machine, should have a light coating of oil 
applied when the machine is not in use. Oil should 
also be applied to chucks, faceplates, arbors, mill- 
ing cutters, parallels, etc., when they are not being 
used. Steel cutting tools or holding devices should 
get this treatment also, especially at bases where 
the humidity is high. The reason is Lhat your fin- 
gerprints can leave traces of corrosive acids on any 
metal parts you may touch. 

18- 5. Materials, other than items used as a part 
of a machine, are stored in various ways. Paints, 
oils, and flammable materials should be stored 
separately from one another and 50 feet from the 
immediate shop area in a well-ventilated storage 
building or shed. Other materials frequently used, 
such as the metal stor^ige rack shown in figure 
!48, should be located so that they will be easily 
accessible to the work area. 

19. Adjustments 

19- 1. You are not required to be a specialist in 
the repair of machine tools. However, there are 
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Figure 151. Lead screw end play adjustment. 

many minor repairs and adjustments that you can 
make to correct a variety of troubles. You know 
when your car is not operating properly and you 
can often make some minor adjustment that wif 
correct the trouble. When the trouble is too com- 
plex or of a major nature, you cau take your car to 
a garage where mechanics who specialize in me- 
chanical and electrical troubles will repair it. In 
this respect, the maintenance of the machine tools 
is very similar to the maintenance of your car. 
You will know when the machine is not operating 
properly by its sound and by its response to the 
controls. There are many relatively simple adjust- 
ments that you can make to correct various trou- 
bles. If you are able to make minor adjustments, 
you will be able to do more accurate machine op- 
erations and to reduce the downtime on the ma- 
chine. Obviously, if repairs or adjustments are 
needed which you or your shop foreman cannot 
make, you will not be able to send the machine to 
a garage. In this case, the machine is sent to con- 
tract maintenance, the manufacturer, or an Air 
Force depot. Hovv^ver, most machine tool troubles 
can be corrected by simply adjusting the feed 
screws, bearings, belts, clutches, gibs, and gear- 
ings. 

19-2. Feed Screws. Feed screws are probably 
the most important part of any machine tool. Feed 
screws position the cutting tool in relation to the 
work and they regulate the rate of feed for a cut. 
Feed screws that are loose, worn, or incorrectly 
adjusted decrease the accuracy of the machine. 
The adjustment of feed screws is practically the 
same on all machine tools. Adjustments of the feed 
screws of a lathe are given as typical examples. 
You can adjust the crossfeed screw of a lathe fcM" 
wear by tightening the setscrews in the end of the 
crossfeed split nut, as shown in figure 149. You 
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can adjust for end play of the lathe crossfeed 
screw by tightening the nut on the end of the 
screw, as shown in figure 150. You can adjust the 
lathe lead screw for end play by removing the cap 
from the end and tightening the adjusting nut, as 
shown in figure 131. 

19-3. BeariQ|$s. Spindle bearings on lathes, 
milling machines, and grinding machines are sub- 
ject to wear because of high rotational speeds and 
the pressure of the work against the cutting tool. 
Spindle bearings on the newer types of lathes and 
milling machines are the antifriction or taper roller 
bearing types. They seldom require adjustment. 
On machines with antifriction bearings, the spindle 
is mounted on preloaded precision bearings. The 
end thrust is taken up in both directions by two 
preloaded ball bearings. These bearings have 
sealed lubrication and never require adjusting or 
oiling. When it is necessary to adjust the end play 
of lathe or milling machine spindle bearings, first 
place the spindle gearing in neutral. This will per- 
mit you to rotate the spindle by hand. You should 
be able to turn the spindle easily. Depending upon 
the make of the machine, the thrust bearing may 
be located behind the rear bearing or the front 
bearing. In either event, loosen the locking set- 
screw or nut and tighten the thrust aul just enough 
to remove the slack. Chuck a rod on the spindle 
and use it as a lever to move the spindle back and 
forth along its axis. You can then use a dial indi- 
cator to measure the end play. It should not ex- 
ceed 0.003 inch. 

19-4. Grinding machine spindle bearings are 
even more critical than lathe or milling machine 
spindle bearings. The grmding machine spindle 
turns at very high speeds and there is great danger 
of overheating. Spindle bearings on most grinding 
machines are either the plain or the antifriction 
ball bearing types. The surfaces of plain bearings 
are hardened, ground, and lapped. Some bearings 
have bronze boxes with spring shoes, which auto- 
matically compensate for wear. Others are 
equipped with setscrews for adjusting the end play. 
Follow the machine technical order or the opera- 
tor's manual instructions carefully in making any 
adjustment because bearings seize easily if they are 
not correctly adiusted. Plain bearings require a 
special thin spindle oil because of the close toler- 
ances to which they are built. Do not use an exces- 
sive amount of oil because it may overflow and get 
on the drive belt awd cause the belt to slip. 

19-5. Belts. The power to operate a machine 
may be transmitted by gears, belts, or a combina- 
tion of gears and belts. At some point between the 
motor and the cutting tool, you will usually find a 
belt. Belting is generally used between the motor 
and a clutch and gearing is used between the 
clutch and the spindle. When a belt is used on a 
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Figure 153. Headless gib. 

machine, there is somt arrangement for adjusting 
the tension. Insufficient tension results in a loss of 
power. Too much tension leads to premature belt 
wear and excessive side loads on the motor and 
spindle bearings. Consult the technical order of the 
operator's manual for the machine for instructions 
on adjusting belt tension. 

19-6. Endless belts are used when it is possible. 
Sometimes the design of a machine will make it 
impossible to use an endless belt. Never use a 
laced or hook joint for belting a grinding wheel 
spindle, because this will set up vibration and 
cause inaccurate work. The ends of the belt used 
on a grinder should be joined with a cemented lap, 
as shown in figure 152. 

19-7. Qutehes. We will base this discussion of 
the adjustment of clutches on the milling machine, 
since all machine tool clutches are similar. The 
mos* common clutch is the plate-disc type. There 
are single-plate and multiplate types. The clutch 
may operate dry or it may operate in oil. The op- 
eration of all types is similar in that the drive de- 
pends upon frictioi:. If the plates or discs do not 
come together tigh\ly enough when the clutch is 
engaged, slippage will occur and cause excessive 
wear on the plates. To adjust the clutch, pull out 
the plunger lock and turn it in the direction to 
tighten — usually clockwise. The clutch is properly 
adjusted when you can fully engage the starting 
lever and when the clutch cone contacts the fingers 
and causes them to compress the drive plates. If 
considerable force is needed to fully engage the 
starting lever, the clutch is adjusted too tightly; the 
pressure places strain on the clutch fingers and 
may cause them to break. 

19-8. Gibs. Gibs are used on machine tools, 
such as lathes and milling machines, for two rea- 
sons: to compensate for wear between a machine's 
mating surfaces and to hold these mating surfaces 
in such a way that neither the ability to slide freely 
nor alinement is impaired. The gibs are installed at 
the factory for the express purpose of providing a 
means of adjustment between tliese mating, sliding 
surfaces. They are usually constructed from a ma- 
terial softer than that used for the ways of the ma- 
chine. After a machine has been in use for a time, 
enough wear will occ^ir to affect the accuracy of 
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machining operations. When this wear becomes 
excessive, the gibs are adjusted to take up the 
slack. Gibs may have either tapered or parallel 
sides, but are usually of the headless taper type 
with one or more adjusting screws. There may be 
one screw in the small end of the gib, which h 
used to secure the gib after adjustment, and one in 
the large end. In some instances there may be only 
one adjusting screw in the large end of the gib, as 
shown in figure 153. To adjust gibs with two 
screws, such as the table, saddle, or knee gibs of a 
milling machine, loosen the screw in the small end 
of the gib and tighten or loosen the gib with the 
adjusting screw in the large end. Then tighten the 
screw on the small end again to keep the gib from 
slipping out of adjustment. You would adjust the 
gib illustrated in figure 153 by turning the set- 
screw. This gib is designed so that turning the set- 
screws tightens or loosens the gib. When you are 
adjusting either type of gib, the adjustment is cor- 
rect when the mating surfaces fit snugly together. 
If the adjustment is too tight, binding will occur 
and mating surfaces may be scored. Loose gibs 
cause chatter and vibration as well as rapid wear 
of the mating surfaces. 



19-9. Gearing. Spindle transmission drive gear- 
ing on machine tools seldom needs adjusting or re- 
placement. Machines such as lathes and some mill- 
ing machines may be provided with change gears, 
or replacement gears. These change gears change 
the ratio of spindle speeds to feeds, as for threr^d 
cutting on a lathe. Change gears change the ratio 
between the index head and table feed screw ol a 
milling machine. Change gears are used on milling 
machines in cutting helices and for indexing and 
spacing divisions. The end gearing on most mod* 
ern lathes transmits the motion from the headstock 
spindle to the feeding and threading mechanism. 
This end gearing assembly is usually mounted on 
an adjustable quadrant. The gears can be swung in 
and out of mesh. Due to the shock or repeated 
starting and stopping of the machine, the gearing 
may slip out of adjustment. Adjustments on 
change gearing and end gearing should provide a 
slight clearance between mating teeth. Proper ad- 
justment is achieved when the rotating gears will 
pass a piece of ordinary bond or tablet paper 
through the gears without tearing the paper. 
Proper adjusted gears have a smooth, quiet action. 
Remember that no adjustment is complete until all 
guards have been properly replaced. 
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WORKBOOK 



MILLING AND GRINDING MACHINE WORK 





This workbook places the materials you need where you need them while you 
arc studying. In it, you will find the Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual inferences with chapter exercise items without flipping pages 
back and forth in your text. You wUl not misplace any one of these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learning. 

These devices in your workbook are autoinstnictional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given in "Your Key to Career Development," which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by inferring to "Your 
Key to Career Development" or your course material, use ECI Form 17, "Student 
Request for Assistance," identify yourself and your inquiry fully and send it to 
ECI. 

Keep the rest of this woAbook in your files. Do not return any other part 
of it to ECI. 
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STUDY REFERENCE GUIDE 



1. U^c ihis Guide as a Study Aid. It emphasizes all important study areas of tbi<( volume. 

2. Use the Guide as you co:npleie the Volume Review Exercise and for Review after Feedback on 
the Results. After each item number on your VRE is a thrc?: digit number in parenthesis. That 
number corresponds to the Guide Number in this Study Reference ouide which shows you where 
the answer to that VRE item can be found in the text. When answering the items in your 
VRE, refer to the areas in th' text indicated by these Guide Numbers. The VRE results will be 
sent to you on a postcard whic: will list the actual VRE items you missed. Go to your VRE 
booklet and locate the Guide T^^^uiber for each item missed. List these Guide Numben. Then go 
back to your texAbook and carefully review the areas covered by these Guide Numbers. Review 
the entir'; VRE y/^la before you take the closed-book Course Examination. 

3. V\e the Guide for Follow-up after you complete the Course Examination. The CE results will 
be sent to you on a postcard, which will indicate **Satisfactor> >r "Unsatisfactory" completic. 
The ':ard will list Guide Numbers relating to the questions missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. 
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408 Gearing and Gea Cutting Practices; pages 
44-50 



Guide 
Number 

409 Introduction; Basic Grinding Information; 
pages 5 1 '59 

410 Surface Grinding Machine Operations; pages 
59-63 

411 Cylindrical Grinding Macliine Operations; 
pages 63-71 

412 Tool and Cutter Grinding Machine Opera- 
tions; pages 71-74 
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Screws, and Inserts; pages 84-90 

416 Introduction; Installat'on; Servicing; pages 
91-94 
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CHATfER REVIEW EXERCISES 



The following exercises ere study aids. Write your answers in pencil in the space provided 
after each exercise, fmmcdirtely after completing each set of exercises, check your responses 
against the answers for that set. Do not submit your answers to ECI for grading. 



Objectives: To show an adequate understanding of the construction and operation of milling 
machines. To be able to identify the various types of cuiters and arbors and to explain their 
uses. To show an adequate knowledge of the various types of indexing and to understand when 
to use and how to perform the various types of indexing. 

1. What is the main difference between a plain milling machine and a universal milling machine? 



2. What are the two features of a ram type milling machme that make it so versatile? (1-3) 



3. What is the most common type of milling machine in AF shops? (1-5) 



4. On what type of millmg machine is the cutting done horizontally? (1-6) 



5. What is the longitudinal table travel of a number 4HD millii\g machine? (1-7) 



6. Where are the coolant reservoir and pump located? (1-10) 



7. How IS the knee raised and lowered? (1-11) 



8. Which feeds can be powered? (1-12) 



9. How is the rate of feed temporarily increased in positioning the work to the cuUer? (1-12) 



CHAPTER 1 



(1-2) 




10. By what two feed methods can the milling machine table be moved? (1-13) 



11. How is the arbor secured in the spindle? (M4) 



12. How far should the overarm be extended? (MS) 



13. What are the two types of arbor supports, and how are they different? (M6) 



14. What precaution should you take in loosening or tightening the arbor nut*? (1-16) 



15. In using attachments that change the ration between the cutter rpm and the spindle rpm, 
which speed should be determined first? ri-J8^ 



16. What spindle speed would you use to faiish mill a piece of aluminum with a 4-inch4iameter 
cutter? (M9) 



17. When can climb milling be used? (1-21) 

18. What is "feed per tooth"? (1-22) 

19. What are the two methods of classifying milling cutters? (2-3) 

20. How is clearance provided on the cutting edge of a profile cutter? (2-4) 

21. Which type of milling cutters are use most often? (2-4) 
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22. How are formed cutters sharpened? (24) 




23. What hand is a cutter whose helix angle twists in a counterclockwise direction? (2-6) 



24. In what way are the teeth of a I -inch-wide plain cutter different from the teeth of a 
l/2-inch-wide plain c;^ttcr of the same diameter? (2-8) 



25. Why are cutting edges nicked? (2-8) 



26. How is a cutter size designated? (2-9) 



27. What is straddle milling? (2-9) 



28. How IS the width of slots cut with interlocking side milling cutters regulated? (2-11) 




29. What are metal slittmg saws used for? (2-12) 



30. How would you mount a cutter in order ^o mill dovetail ways? (2-14) 



31. What are the types of angle cutters? (2-15) 



32 What are end mills used for? (2-17) 



^3. What operations are required to mill a T-slot? (2-19) 




34. Wha* are concave and convex cutlers used for? (2-22) 



35. How would you describe a gear hob milling cutter? (2-25) 



36. What type of cutter would be the best to use for producing a nonsta»^dard shape on t 
limited number of pieces? (2-26) 



37. What are some factors that have to be considered in the selection of a cutter? (2-28) 



38. Why should a coarse-tooth cutter be used on material that produces a curled, con^nuous 
clup? (2-29) 



39. What is the largest diameter of a number 30 taper, ani what is its taper per inch? (2-33) 



40. You have a milling machine arbor with a code on Us flange that reads 62B-10-5. What do 
these numbers and letters mean? (2-34) 



41. How IS a screw slotting cutter prevented from flexing during use? (2-38) 

42. How is the cutting tool secured in a cutter adapter? (2-41) 

43. How can you prevent damaging the threads of the drawbolt or the arbor shank? (2-44) 

44. Besides mdexing, what other jobs can an index head be used for? (3-3) 

45. In what positions can the swivel bloc'' be set? (3-7) 
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46. How are workholding devices mounted on the index head spindle? (3-8) 



47. How is the index crank pin positioned in the desired hole circle? (3-9) 



48. In alining the swivel block with a dial indicator and test bar, why should you check 
alinenient after reclamping? (3-11) 



49. What are the three most common types of indexing? (3-12) 



50. What type of indexing would be the fastest for producing a 12-tooth gear, and why? (3-13) 



51. Hov many turns and holes of " index crank and which circle would be required to divide 
a workpiece into 7 divisions if the only index plate available has hole circles of 27, 28, 30, 
31, and 33? (3-14) 



52. Wliat are sector arms used for? (3-15) 



53. How many turns and holes of the 'jidex crank and which circle would be required to divide 
a workpiece mto divisions 14° apart if the only index plate available has hole circles of 29, 
31, 32, 36, and 38? (3-16, 17) 



CHAPTER 2 

Objectives: To be able to explain how plain, face, and angular milling are performed. To show an 
adequate understanding of milling flat surfaces on C/iindrical work. To show an adequate knowledge 
of slotting, parting, milling keyseats, and milling flutes. To explain how drilling, reaming, and boring 
are performed. To show an adequate understanding of milling machine attachments and their uses. 
To show an adequate knowledge of gearing and gear cutting practices. 

1. What are the basic milling operations? (4-1) 
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2. In plain milling, which is set up first, the cutter or the work, and why? (4-2) 



3. Why should the work be mounted as close to the column as possible? (4>2) 



4. What should you do immediately prior to inserting the arbor into the spindle? (4-3) 



5. When the work is returned to its starting position after a cut has been completed, should the 
cutter be rotating? (4-5) 



6. How is backlash removed from the vertical feed screw? (4-6) 



7. In what way is face milling different from plain milling? (4-8) 



8. Which is mounted first in face milling, the cutter or the work? (4-^) 



9. How is angular milling performed when you use side, plain, or face milling cutters? (4-14) 



10. Why are square and hexagonal shapes milled on tools? (5-2) 



11. Under what conditions are side and end mills used to machine squares and hexagons? (5-3) 



12. What is the maximum size square that can be milled on a piece of round material that is 1^ 
'^ches ill diameter? (5-6) 



13. What IS the minimMm diameter material you can use to manufactuie a hexagonal nut that 
measures 7/8 inch across the flats? (5-7) 
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14. What position should the index spindle be in when the feed is horizontal? (5-9) 



15. In what sequence arc the sides of a square machined on work held in an index head? (5-11) 



16. Why is a flat machined on a shaft? (5-14) 



17. What is the principle of U\e ^ottii^ attachment? (6-2) 



18. What should be done to the work prior to machining a slotted portion that does not exten'^ 
throu^i the woric? (6-2) 



19. What aie some of the advantages of parting off material with a slitting saw? (6-4) 

20. What type of milling is used to saw thick aluminum? Thin steel? (6-5) 

21. Which milling cutters can be used to machine straight external keyseats? (5-7) 

22. How are the rpm and feed of an end mill computed? (6-9) 

23. Why should milling operations performed with an end mill use a lot of coolant? (6-9) 
T. How can the accuracy of a keyseat be checked? (6-12) 

25. How is the cutter sekcted for a Woodruff keyseat? (6-15) 
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26. What IS the most accurate method of checking the depth of a Woodruff keyscat? (6-17) 



27. Why are flutes machined in cutting tools? (6-18) 



28. What are the advantages of flutes milled with form cutters over those milled with angular 
cutters? (6-23) 



29. What feed and depth of cut are used in fly cutting? (6-27) 



30. In what way does the actual drilling and reaming of a hole on a milling machine differ from 
that on a lathe? (7-1) 



31. What IS the main advantage of eliminating the boring bar holder f:-*" the boring adapter'' (7-3) 



32. What speeds and feeds should be used in boring on a milling machine? (7-5) 



33. In what ways can you perform vertical milling on a horizontal milling machine? (8-1, 2) 



34. What attachment would be used to hold and space iniernal gear teeth that are on the inside of 
an arc'' (8-3) 



35. How can the swing capacity of an adex head be increased? (8-6) 



36. How can compound angles be milled on a pla in milling machine'' (8-7) 



37. What is a spur gear? (9-2) 



38. What IS the difference between pitch diameter and diametral p)*ch? (9-3) 



39. How IS a standard gear cutter shaped? (9-S) 



40. You have a piece of a broken gear for which you hrve determined that the number of teeth is 
25 and the diametral pitch is 8. What is the outside diameter, pitch diameter, addendum, 
working depth tooth thickness, and whole depth of tooth? (9-6) 



41. After you have nicked the entire gear blank, what is counted, the nicks or the spaces? (9-11) 



CHAPTER 3 

Objectives: To be able to explain the essential features of grinding wheels and their maintenance and 
use. To show an adequate understanding of surface grinding machine operations. To show an adequate 
knowledge of cylindrical grinding machine operations. To show ar adequate understanding of tool and 
cutter grinding machine operations. 

1. How many combinations of bond, grade, grain size and abrasive are possible for a grinding wheel? 
(!0-l) 



2. What are some of the factors thai have to be considered in selecting a grinding v/heel? (10-2) 



3. What are the most important qualities of an abrasive"' (10-3) 



4. What are the two main abrasives? (10-3) 



5. What abrasive should be used for hard, brittle materials? (10-3) 
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7. 



8. 



9. 



10. 



11. 



12. 



13. 



14. 



15. 



16. 



17. 



What controls the hardness of a grinding wheel? (104) 



How is the gram size for the grinding wheel you want to use determined? (10-5) 



Kow are standard wheel shapes and faces identified? (10-7) 



What do the markmgs on a grinding wheel represent? (10-8) 



Durmg your inspectmg of a new grinding wheel, you tap it with a wooden hammei handle, and 
it emits a dull, thudding sound. Why? (10-10) 



How should gimdmg wheels be stored? (10-11) 



Why should you not let coolant continue to flow on a stationary wheel? (10-12) 



Hov much of the wheel should the safety guard cover? (10-13) 



Besides the ratio of their diameter to the wheel diameter, what are the other important 
requirements of flanges? (10-14) 



What IS the difference in dressing and truing? (10-16) 



When should the Huntingdon wheel dresser be used? (10-17) 



How IS the abrasive type of wheel dresser driven? (10-19) 
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18. W.iat type of dresser is the best for truing wheels to be used for precision grinding when 
high finish and accuracy are required? (10-20) 



19. How can diamond dressers "harden" a wheel? (10-20) 



20. F a grinding operation requires using coolant, how is the wheel dressed? (10-21) 



21. How fast should you feed the dresser across the face of the wheel? (10-22) 



22. What speeds have to be considered in grinding work? (10-23) 



23. What is the approximate rpm you should use with a 7-inch-diameter wheel and an SFS of 5500? 
(10-26) 



24. How can you vary wheel action when you do not have the correct wheel foi a specific grinding 
job? (10-28) 



25. Wliat are the two types of surface grmders? (11-2) 



26. What is the maximum crossfeed rate for using a surface grinder? (11-6) 



27, How can you hold rectangular work iigidly on edge during surface grinding? (11-8, 9) 



28. Why should you wipe a magnetic chuck with your hand before placing the work on it? (11-10) 
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29. In what direction should the diamond dresser tih in dressing the wheel? (IMl) 

30. Which IS more important when coolant is used, pressure or volume? (11-12) 

31. What is meant by the term "sparking out"? (11-12) 



32. Machining material with a cylindrical grinder is similar to machining material on what other 
machine? (12-1) 



33. Why are both ends of the spindle tapered? (12-4) 



34. What is the .ninimum graduation on the small crossfced handwheel? (12-5) 



35. Is the automatic table travel dependent on whether or not the spindle is turning? (12-8) 



36. Why should center holes be lapped before work is cylindrically ground? (12-11) 



37. What 13 cylindrical grinding? (12-14) 



38 How is a shear cutting action produced m cylindrical grmding? (12-15) 



39. Why should the spmdle drive motor not be turned off until after the grinding operation is 
finished-^ (12-18) 



40. In grmding reamers, how far should the grinding wheel be allowed to run off the shank or 
blades mto the undercut between them? (12-19) 
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41. What action has to be taken after the table has been swiveled toward the wheelhead? (12-20) 



42. What are some examples of conical grinding? (12-23) 



43. In setting up to perform co- *cal taper grinding, when can the wheel be dressed and trued? 
(12-25) 



44. What are the most common methods of checking tapers? (12-28) 



45. In grinding a straight :!iOuler with the side of a wheel, what type of wheel should be used, 
and why? (12-29) 



46. What IS more miportant during plunge grinding, the rate of stock removal or the wheel's ability 
to hold its form? (12 31) 



47. What type of feed should be used in grinding a shoulder? (12-32) 



48. What attachment is used to grind a mandrel to size on a tool and cutter grinder? (13-5) 



49. You want to modify a plain milling cutter to cut fillets as a slot is milled. What attachment 
would you use to grind the corners? (13-7) 



50. In what directions do the wheel and the work rotate in grinding clearance on a reamer blade? 
(13-9) 



51. Why do have to be careful in sharpening a milling cutter when the wheel rotation is away from 
the cutting edge? (13-10) 
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52. What do you know about the clearance if the teeth on a milling cutter drag or chatter occurs 
when the machine is run at the correct spindle rpm? (13-12) 



53. Where is the tooth rest fastened when a helical tooth cutter is to be sharpened? (13-i3) 



Objectives: To shov/ an adequate understanding of the various types of machine fits. To be able to 

explain how machmed paits are assembled. To explain how studs, plugs, screws, and inserts are 
removed ''nd replaced under various circumstances. 

1. What are some of the lactors that have to be considered in selecting a fit? (14-1) 



2. />ih2Li is an example of a sliding fit? (14-2c) 



How can a drive fit be assembled? (14-2^/) 



4. What types oi fits take advantage of the fact that metal expands and contracts as it is heated 
.nd cooled? (14-2/, g) 



5. What are the differences b^^vween polishing and buffing? (14-4) 



6. What Aze or grain is used in rough polishing with a dry wheel? (14-5) 



54. What would happen if you 
profile cutter? (13-14^ 



3ned a form cutter with the same method you used on a 



55. Kow wide should the wheel be if a convex radius is to be put on its face? (13-15) 
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7. Whjrt fliould be done to a bniid-iiev' poUdia^ wheel before you use it? (14-7) 

8. What is the prmcapii purpose of a buffing operation? (14*8) 

9. What type jf abrasive should you use for sharp, even buffing? (14-9) 

10. Why ^ouki standard parts be used during fittmg and assembly, if at all possible? (15-2) 

11. What are the two types of cross-point recesses used in the heads of saews? (15-3. b) 

12. Why are the heads of bolts a;id screws marked vnih symbols, such as dashes, triangles, etc? 
(15-3, b) 

13. How many times is a fiber self-loddng nut allowed to be used on a bolt installed in an 
aircraft? (15-3, c) 

14. H^w are flatiicad pmts installed? (15-3, d{\)) 

15. Why are ball and roller bearings more efficient than plam bearmgs? (15-4, b) 

16. What are the most common types of jigs? (15-6) 

17. W:»t factor <ktermHics the class of a fixhve? (15-7) 

18. What lype of lage is the most frequently used? (15-8) 

454 

16 



19. What are go-no-go gages? (15-8, a, b, c) 



20. What type of gage is used in checking large holes that would require a heavy plug gage? 
(15-8, d) 



21. How many sets of ring and plug gages are required to completely check a screw thre. J, and 
what dues each set check? (15-8, h) 



22. What IS used to set up a sine bar? (15-8, /) 



23. Wha are the two types of penetrant inspection methods? (15-10) 



24. What type of nondestructive inspection requires that pulleys be removed from shafts, or that 
bearings be removed from their housings? (15-11) 



25. Which nondestructive mspection methods can be used on nonmetallic materials? (15-13, 14) 



26. What are some reasons for stud failure? (16-2) 



27. What is the advantage of using a drill jig to drill a broken stud? (16-4) 



28. How should an Ezy-Out or ground lathe tool extractor be turned? (16-7) 



29. If a drill jig c^^nnot be used, what determines the accuracy of a hole drilled in a stud? (16-8) 



30. When are oversize studs needed? (16-12) 
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31. How are solid inserts prevented from working loose? (16-14) 



32. What are some advantages of Heli-coil inserts? (16-15) 

33. Where is information on correct tap drill sizes for Heli-coil taps found? (16-16, 17) 

34. How should the tang be broken off of a newly installed Heli-coil? (16-17) 

CHAPTER 5 

Objectives: To be able to explain how to properly install various types of machine tools. To show 
an adequate knowledge of the servicing of various types of machine tools. To show an adequate 
knowledge of the adjustments wHich are n cessary for the various types of machine tools. 

1. How can you determine the required dimensions of a machine you are going to install? (17-3) 



2 Why shouldn't a chain be used to lift a machine*? (17-4) 




3. What technical order covers painting of Air Force machine tools? (17-5) 



4. Why should orange paint not be overused? (17-6) 



5. How are machines le/eled? (17-7) 



6. Where can lubrication information on a specifir machine be found*? (18-2) 



7. Why should a thin film of oil be applied to finished surfaces on machines and accessories'? 
(18-4) 
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8. How should paint and oil b .:ored? (18-5) 




9. Why are feed screw adjustments so important on machine tools? (19-2) 



10. How much end play is permissible on spindle bcarmgs? (19-3) 



11. Why do grmdiig machines require a lightweight oil? (19-4) 



12. Where are belt drives used on machine tools? (19-5) 



13. How can you tell when a milling machine clutch is adjusted too tightly? (19-7) 



14. What is a gib and what is it used for? (19-8) 




15. What is the purpose of change gearing on machine tools? (19-9) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 
CHAPTER 1 

1. A universal milling machine has a table which can swivel in a horizontal plane, while a plain 
table cannot swivel at all. 

2. The spindle can be positioned at any angle, and the cutterhead ram can be extended cr 
retracted to fit the requirements of the job. 

3. Column and knee. 

4. Vertical column and knee. 

5. 42 inches. 

6. In the base. 

7. By using cither hand or power feed. 

8. Longitudinal, transverse, and vertical. 

9. By engaging the rapid traverse lever. 

10. By using hand or power feed. 

11. With a drawbolt and a jamnut. 

12. Just far enough to enable the arbor ^•X)rt to be located over the arbor bearing. 

13. The t\ type, with a small diameter be. ing hole, which si»pports the arbor on its extreme end 
only, and the B type, with a large diameter bearing hole, which can be positioned anywhere 
along the arbor length. 

14. The arbor support should be mstalled. 

15. The cutter speed should be determined first. 

16. 300 rpm. 

17. When the work springs or lifts up when conventional miU'ng is used and if the machine is m 
good mechanical condition. 

18. The thickness of the chip. 

19. Relief can be profile or form, an^ the cutter can have a shank or be arbor mounted. 

20. By grinding behind the cutting edge. 
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21. Profile. 

22. By grinding the tooth face parallel to the cutter axis. 

23. Left*hand. 

24. The teeth of the 1-inch cutter axe helical. 

25. The nicks act as chip breakers. 

26. By the diameter and width of the cutter and the diameter of the bole. 

27. Cutters used in pairs to mill paraUel sides. 

28. By inserting thin washers between the cutters. 

29. To miU narrow slots or to cut off work. 

30. On a stub or sheD end mill arbor. 

31. Single and double. 

32. To mill slots and tangs, arul edges and ends of work. 

33. A slot has to be milled first to provide clearance. Then a T-sk>t aitter is used to mill the T 

part of the slot. 

34. Concave cutters are used to miU convex surfaces, and convex cutters are used to miB concave 

surfaces. 

35. It is a formed cutter whose teeth are cut like screw threads. 

36. A fly cutter. 

37. Kind of cut, material to be cut, number of pieces to be cut, and type of nilliiig madiine. 
?8. To permit an easire flow of chips and coolant and to elinunate chatter. 

39. The largest diameter is 1% in '^es, and the taper is 3H inches per foot. 

40. A number 60 taper, a 2-mch shaft diameter, a B style arbor, 20 inches juMe shaft kiyth, 

using a 2%-inch'diamete*' bearing sleeve. 

41. By the flanges mounted on both sides of the cutter when it is mounted on the arbor. 

42. With a sctscrew. 
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43. By making sure that the drawbolt is extended far enough into the arbor shank so that the 
drawbolt doesn't pull out of the arbor shank when the jamnut is tightened. 

44. In mounting work between centers and in rotating the work during helical milling. 

45. From just below center to a point beyond vertical. This varies between manufacturers. 

46. Taper-shanked devices can be inserted into the tapered hole in the spindle while chucks can be 
screwed onto or bolted to a flange on the spindle. 

47 Loosen the nut on the center shaft, slide the crank past the shaft to ths desired location, and 
tighten the nut. 

48. Because the retightening may cause shifting of the block. 

49. Direct, plain, and degree. 

50. Direct, because 12 will divide into 24 evenly. 

51 40/7 = 55/^ ; 5/7 X 4/4 = 20/28. So crank 5 full turns and 20 holes in a 28 hole circle. 
52. To keep from havmg to count the holes for division, thus saving time. 

53 14/9 X 2/2 = 28/18 = P^/is = 1^/9 , 5/9 X 4/4 = 20/36. You need 1 complete turn and 
20 holes of a 36 hole circle. 

CHAPTER 2 

1 . P!a n and face milling. 

2. Set uD the work f\rst to prevent accidentally striking the cutter with your hand or arm. 

3. To insure a more rigid setup. 

4. Wipe off the tapered shank of the arbor and the tapered hole in the spmdle. 

5. It should not be rotating. 

6. By dropping the knee past the original setting for the roughing depth o^ cut, and then moving 
the knee back up to the original setting for the roughing cut. 

7. Surfaces to be milled that are perpendicular to the cutter axis are face milled, while in plain 
millmg, the surface is parallel to the cutter axis. 

8. The cutter. 

9. By positioning the work at the required angle. 




10. In order to provide a positive drive. 

11. End mills can be used for work held in a ch. ;k or between centers, using light cuts. Side mills 
can also be used for work held in a chuck, using heavier cuts. 

12. .884. 

13. I.OIC 

14. Vertical. 

15. After the first flat is milled, then do the flat opposite Next, do the flat between the first two, 
and then the flat opposite the third flat. 

16 To provide a seat for a setscrew. 

17. The slottmg attachment changes \e rotary motion of the spindle to a reciprocating motion. 

18. Machine a recess to provide clearance for runout of the tool. 

19. The v/ork cut off is reasonably square and there is less waste of material. 

20. ConventK nal milling should be used for the aluminum, and climb milling for thin steel. 
2L Plain milling and Woodruff cutters, two*lipped end mills, and slitting and slotting saws. 

22. With the same formulas as those used for conventional milling. 

23. Because of the high(.'r speed and feeds involved. 

24. By using rules, outside and depth micrometers, vernier calipers, and go-no-p'^ gages. 

25. The cutter has the same thickness and diameter as the key that fits into he keyseat. 

23. Insert the correct size key into the keyseat and measure over the work and key with an outside 
miciometer. 

27. Flutes provide cuttmg edges for the tools and provide a means of letting coolant in and the 
chips out. 

28. A formed flute produces a stronger tooth, lets the chips be removed easier, and prevents cracking 
during heat treatment. 

29. A slow feed and shallow depth of cut. 

30. On a lathe, the work rotates around the drill or reamer, while on a milling machine, the drill 
or reamer rotates into the work. 
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31. This gives a more rigid operation. 

32. The same that you would use for boring a similar sized hole in a lathe or drill press. 

33. By using such attachments as the vertical spindle, universal, and high-speed miUmg attachments. 

34. Circular milling attachment. 

35. By placing the index head on a set of raising blocks. 

36. By attaching a rOvatable toolmaker's knee to the table. 

37. A gear whose teeth are parallel to the gear blank axis. 

38. Pitch diameter is the pitch circle diameter, while diametral pitch is the number of teeth per inch 
of pitch diameter. 

39. To accurately produce the lowest number of teeth in the range. 

40. OD = 3.375, D = 3.125: a = .125; Wd = .:.:50; T - .196; W = .269. 

41. The spaces. 



1. Approximately 12,000. 

2. Kind of material to be ground, wheel and work speed, finish and accuracy required, area of 
contact between the work and wheel, nature of the operation, and type and condition of th^ 
wheel. 

3 Toughness, hardness, and the nature of the fracture. 

4. Alummum oxide and silicon carbide. 

5. Silicon carbide. 

6. The amount and strength of the bond 

7. By the amount of material to be removed, th desired finish, and the material's physical 
properties. 

8. The shape is identified by a number, while the face is identified by a letter. 

9. Kind of abrasive, number of grain size, grade, structure, bond, and modification number. 

10. Because it is probably crackea. 
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11. Store straight wheels larger than 6 inches in diameter on edge. Those smaller than 6 inches 
should go in racks. All thin wheels should be laid on flat surfaces. Flaring cup and dish 
wheels should have material placed between them and they are stacked flat. 

12. Because the wheel will absorb coolant and be out of balance. 

13. One-half to three-quarters of the wheel diameter. 

14. They should be equal in diameter and relieved in the center. 

15. Dressing improves the wheel's cutting action, while truing restores the wheel face concentricity. 

16. To dress coarse-grit wheels and wheels used in hand grinding. 

17. By contact with the wheel it is dressing. 

18. A diamond dresser. 

19. If it is dull, It will press the wheel cuttings into the bond pores and load the wheel face, thus 
makmg the wheel act harder. 

20. The wheel should be dressed with coolant applied in same amount as during the actual grmding 
operation. 

21. As fast as the gram and grade of the wheel and the finish desired on the work permit. 

22. Spindle, work, and machine. 

23. 3000 rpm. 

24. Vary the work speed. 

25. The reciprocating table and rotary table types. 

26. One-half the wheel face width, per revolution of the wheel. 
27 By clamping the work between two parallels. 

28. To detect any possible burrs which could impair the seatmg of the work. 

29. In same dir'^ction as wheel rotation. 

30. V'^lume. 

31. This occurs when the work is left at a setting and permitted to continue moving under the 
wheel until no more sparks are visible. 

32. A lathe 
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33. To maintain true running wheels and ease of changing wheels. 

34. .0001 inch. 

35. No, it IS driven independently. 

36. In order to remove scale and distortion, and to correct inaccurate or rough drilled holes. 

37. It is the grinding of cylindrical surfaces lo remove heat treating warpage, to reduce the work to 
exact size, and to improve the fmish. 

?8. By having the wheel and work revolve in opposite directions at the area of contact. 

39. Leaving the motor on keeps the spindle bearings at their operating temperature and prevents 
unbalancing the wheel by absorption of the coolant. 

40. Not more than half the wheel width. 

41. Back the wheel away from the work and pick up the cut. 

42. Shank and point of lathe center and tapered plug gage. 

43. Either before or after swiveling the table. 

44. With a vernier -equipped micrometer, or a plug or ring gage. 

45. A soft grade, recessed wheel, to give a free ci ttmg action. 

46. The ability of the v/heel to hold its form. 

47. A fine hand feed. 

48. The cylindrical grinding attachment. 

49. A radial attachment. 

50. In the same direction at the area of contact. 

51. The cuter should not oe permitted to move off the tooth rest, as the wheel will remove too 
much metal. 

52. The dragging is caused by not havmg enough clearance, while the chatter is probably caused 
because of too much clearance. 

53. On the wheelhead. 

54. The shape of tht Tormed teeth would change. 
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55 Twice the desired radius. 

CHAPTER 4 

1. Temperature, lubrication, matertals, bearing load, speed, and length of engagement. 

2. A lathe tailstock spindle. 

3. By tapping with a hammer or inserting between the jaws of a vise and tightening the screw. 

4. The shrink and expanding fits. 

5. Polishing is done by using a wheel with abrasives glued to it, while buffing, which is a finer 
process, uses abrasives that have been applied during the buffing operation. 

6. 60 grain 

7. It should be "broken" along its entire circumference with a metal rod. 

8. To produce a high luster. 

9. Emery, in a paste or cake form. 

10. Standard parts are readily available, and thus save time, effort, and money. 

11. Reed and Prince, and Phillips. 

12. To let &2 user know just what kind of a fastener it is, and to prevent substituting the wrong 
type of fastener for the right one. 

13. Just once. 

14. With the head up, and secured with a cotter pin. 

15. Because the smaller amount of co-itact between the balls and roUeis with their races produces 
very httle x'nction d* ing the rolling action. 

16. Borirg and drilling. 

17. The machine on which it is to be used. 

18. The fixed gage. 

19. These a e gages with set limits that ue accurately machined to the maximum and minimum 
size of .he p^n beint checked. 

20. Pin gages 
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21. It takes three sets: one for the pitch diameter, one for majo' diameter, and one for the minor 
diameter. 

22. Gage blocks. 

23. The dye and fluorescent methods. 

24. Magnetic particle. 

25. Ultrasonic and radiographic. 

26. Stress, intermittent loading, vibration, exposure to heat, excessive torque, and abuse. 

27. This method is more accurate. 

28. Preferably by using two wrenches or a tap wrench so as to aoply evei. 'pressure. 

29. The skill of the person doing the drilling. 

30. When the threads in the parent part become damaged during removal of the broken stud, or when 
the technical order specifies it. 

31. By having the pitch diameter a few thousandths larger than the mating hole's pitch diameter, 
thus producmg a tight fit, or by asing straight pins through the insert flange. 

32. They can be removed and replaced easily and cheaply, and because of their hardness, it is 
usually the bolt or screw that gets damaged. 

33. 0- a chart in a Heli-coU kit and in TO 44H1'M17. 

3^. By using a tang breakoff tool, a drive pin punch, or long-nose pliers. 

CHAPTER 5 

1. By consulting the manufacturer's handbook or the technical order. 

2. Because a cham doesn't follow the mach t contours and can cause damage to the machine. 
Also, any strain is concentrated on only a few links, instead of its full length. 

3. TO 34*1-3. 

4. Because too much orange can defeat the purpose of using orange paint, which is to identify 
unguarded hazardous conditions. 

5. By inserting hardwood wedges, shingles, or shimstock under the machine base while precision 
leveh are laid on the ways or table. 

6. In the operator's manual, technical order, or data plate on the machine 

7. To prevent corrosion. 
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8. Separately and no closer than 50 feet from a hangar or shop. 

9. They position cutting tools in relation to the work ard regulate the feed rate. 

10. Not more than .003 inch. 

11. Because of the close tolerances to which they are built and their very high operating speeds. 

12. Us .ily V tween the motor and the clutch. 

13. When it takes excessive force to engage tnc starting lever. 

14. It IS a piece of metal fitted between sliding, mating surfaces used to compensate for wear and 
to hold these mating surfaces in alinc»:nent with one another. Gibs are usually made from softer 
material tlian the machine they are used on. 

15. To change the '''tio betweer th** mach'iie spirdi ■ i its fcvUUig m-Jchanism. 



467 

29 



STo: - 



1. MATCH ANSWER 
SHEET TO THIS 
EXERCI'SE NUM- 
BER. 



2. USE NUMBER 2 
PENCIL ONLY. 



53130 04 21 



EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 



Carefully read the following: 

DCrS: 

1. Check the •'course" Volume," and "form- numbers from the answer shfcct 
address tab against the *'VRE answer sheet identification number** in the 
righthand column of the shipping list. If numbers do not match, take acti^ato 
return the answer sheet and the shipping lisi to ECI immediately with a note of 
explanation. 

2. Note that item numbers on answer sheet are sequential in ea( h colunm. 

3. Use a medium sharp #2 ^ lack lead pencil for marking answer sheet. 

4. Write the correct an<%wer in ;he margin at the left of the item. (When you review 
for the course examination, you can cover your answers with a t^rip of ^«.«per and 
then check your review answers against your original choices.) After you are sure 
of your answers, transfer them to the answer sheet. If you havt to change an 
answer on th'* answer sheet, be sure that the erasure is complete. Use a clean 
eraser. But try to avoid any eras ux on the answer sheet if at all possibh. 

5. Take action to return entire answer sheet to ECI. 

6. K3ep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process que dons or conunents through you* 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI Form 
17. 



1. Don't use answer sheets other than one fumis^^d spedficaily for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in mark g blocks. Double marks 
or excessive markings whic\ o^'erflow marking *Jlocks will register as errors. 

3. Don't fold, spindle, staple, tope, or mutilate the answer sheet. 

4. Dont use ink or any marking other than a #2 black lead pencil. 



NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME REVIEW 
EXERCISE. In parenthesis after each item number on the VRE is the Text 
Page Number where the answer to that it^m can be ioc&ted. When answering 
the items on the VRE, refer to iht Text Pages indicated by these Numbers. 
Th ^ VRE resulU will be senc to you on a postcard v;hich will list the actual 
f : . ems you missed, uo to the VRE bct>k!<t and locate thr Text Page 
Numbers for the items misKxI. Go to the text and caH'ully review the areas 
covered by these references. Review the entire VRE again btfore you Uke 
the closed-book Course Examination. 



DONTS: 



Multiple Choice 
Chapter 1 

1. (400) The type milling lOachine that requires a minimum of work setups is the 

a. column and knee. c. universal. 

b. ram. d. plain. 

2. (400^ The main adva..tage of a vertical column and knee milling machine over a horizontal 
column and knee milling machine is that the 

a. cutting tool can be mounted easier. c. work can be mountf'd quickly 

b. work can be observed more easily. d. end and fai:e mill cuts can be better obseived. 

3. (400) Milling machine size is determined by the amount of 

a. horsepo"'''^ required for operation. c. longitudinal table tr^/el. 

b. cross feea travel. d. vertical feed travel. 

4. (400) The primary difference in the function of a lathe and a milling machine mdle is 

a. that the milling spindle drives cutters rather than the work. 

b. in their position in relation to the work. 

c. in the method in which they are driven. 

d. that the milling spindle is used to feed the work. 

5. (400) '^e chip thickness each cutter tooth removes is used to determine the 

a. spindle RPM. c. speed. 

b. feed. d. depth of cut. 

6. (400) The term "climb milling" desaibes a cut during which the feed moves ii: a direction 
that is 

a. vertical to che cutter axis. c. horizontal to the cutter axis. 

b. opposite to the cutter rotation. d. the same as cutter rotation. 

7 (401) Milling cutters are classified according to their 

a. mountmg method and type of cutting edge r'^lief. 

b. diameter and width 

c. name and use. 

d. shape and size. 

8 (401) The class of milling citter that is used the most is the 

a. 'formed cutter. c. profile cutter. 

b. ^ ' cal teeth cutter. d. staggered tooth cutter. 
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9. (401) The type of cutter used to mill flat surfaces parallel to the cutter axis is the 

a. face milling cutter. c. parallel milling cutcer. 

b. side milling cutter. d. plain millmg cutter. 

10. (401) The characteristic that plain and side tni!^*' - cutters share is the\r 

a. helical teeth. c. size designations. 

b. nicked cutting edges. d. inserted teeth. 

11. (401) If a plam milling cutter l^ias a face width of 3/16 mch or less, it is then known as a 

a. side milling cutter. c. slot cutter. 

b. slitting saw. d. cutoff saw. 

12. (401) The form tooth cutter used tc mill rean.er flutes is a variation of 

a. a double angle cutter. c. a single angle cutter. 

b. an oblique angle cutte*. d. a combination angle cutter. 

13. (401) The best type of end mill to use in milling ? slot without first drilling a startmg hole 
is the 

a. center cutout end mill. c. taper end mill. 

b. shell end mill. d. two-Uppei end mill. 

14 (401) Which of the following sp.es of Woodruff keyseat cutters does not have a shank? 

a. 1 inch in diameter. c. I7i6 inches in diu neter. 

b. 1^ inches in diameter. d. I*/j6 inches in diameter. 

15. (401) The cheapest n^ethod of cutting a limited number of special foims on a milling machine 
IS to use a 

a. form cutter. c. gear hob. 

b. tly cutter. d. special cutter. 

16. (402) Which designation would be correct for an arbor that has a pilot bearing, a 16-mch 
usable shaft length, a number 50 taper, and shaft diameter of I 3/8 inches? 

a. 501 3/8A-I6. c. 51 3/8A-I6. 

b. 5I.375B-I6. d. 50B-I6-I 3/8. 

17 (402) A milling cutter is prevented froin slipping on a standard arbor by 

a. threading th. cutter on the end of an arbor shaft. 

b. tightening the arbor nut against the spacing collar. 

c. a friction fit between the cutter and the arbor. 

d. keying the cutter to the arbor shaft. 

18. (402) The primary difference between a taper adapter and a cutter adapter is the 

a. method of holding th^ cutter. c. external taoer. 

b. mternal taper. d. method of mounting the adapter. 
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19. (402) The primary purpose for clearimg the spindle hole and arbor shank prior to mounting an 
arbor is to 

a. prevent damage to the drawbolt. 

b. insure that the dixbor and spmdle are alined. 

c. insure a line men t of the arbor support 

d. prevent damage to the overarm. 

20. (403) The process of spacing divisions along the circumference of work is called 

a. dividing. c. sphttmg. 

b. spacmg. d. mdexing. 

21. (403) The index head is alined Vvith the longitudinal axis of the milling machine table by 

a. screws on the swivel block. c. keys on the base plate. 

b. T-slot bolts. d. angle plate guide pins. 

22. (403) The purpose of notches on the edge of some index plates is to 

a. provide a means of hole-and-pin alinement. 

b. hold the index plate on the dividing head. 

c. keep the iiidex plate from slipping. 

d. serve as reference marks for the next division. 

23. (403) The simplest and quickest method of indexing 15° divisions is the 

a. direct method. c. degree method. 

b. plain method. d. wide range method. 

24. (403) How many tarns and holes of the L^dex crank would be required to divide a workpiece 
into 9 divisions if j 36-hole circle is used and the index head has the standard ratio? 

a. 4 turns, 0 holes. c. 4 turns, 10 holes. 

b. 4 turns, 4 holes. d. 4 turns, 16 holes. 

25. (403) One turn of the craiik for a standard ratio index ' «ad equals how many degrees? 

a. 4°. c. 10°. 

b. 9°. d. 12°. 

Chaptei 2 

26. (404) In plain milling, the width of the cutter in relation to the width of the surface to be 
milled should be 

a. one-half as wide. c. slightly wider. 

b. the same. d. twice as great. 

27. (404) Prior to setting a new depth of cut if the trial cut is too deep, you should 

a. snug down ^he knee lock bolts. c. lower the speed and feed. 

b. remove the vertical feed backlash. d. check the work and vise alinement. 




28. (404) Setting up to perform face milling differs from setting up for plain milling in that 

a. the cutter is mounted prior to the work. 

b. the cutter width is greater than the work width. 

c. the work is mounted pric to the cuttei. 

d. climb miULig is used. 

29. (404) The direction the work should approach the cutter during face milhng is from the 

a. left to the right. c. side wiiich places the cutter thrust down. 

b. right to the left. d. side which places the cutter thrust up. 

30. (404) An important step to remember after setting the depth of cut in face milling is to 

a. set the graduated dial at ZERO. c. hand-feed the work into the cutter. 

0. adjust the coolant flow. d. lock the saddle. 

31. (40S) The best way to prevent arbor interference in machining squares or hexagons on work 
ends is to 

a. use a large enough cutter. 

b. use the smallest diameter arbor spacers 

c. feed the work horizontally* 

d. feed the work vertically. 

32. (405) In order to mill squares and hexagons by using conventional milling, the cutter thrust 
direction on mounted work should be 

a. up on vertical and horizontal. 

b. down on verti. »l and up on horizontal. 

c. down on vertical and horizontal. 

d. up on vertical an^I down on horizontal. 

33. (405) In milling work neiJ m a screw-on type chuck on the index head, be sure that the 

a. depths of cut aren't too deep. c. cutter thrust tends to tighten the chuck. 

b. tail stock helps support the work. d. mdex spindle is alinea. 

34. (405) Wlut is the depth of cut for Cdch side which is required to obtam the largest square 
fiom a piece of 2.inch round material? (Distance across flats of a square diameter of st^ ' 
tr.ies .707.) 

a. 0.293 inch. c. 0.707 inch. 

b. 0.586 inch. d. 1.414 inches. 

35. (405) The diagonal of a hexagon is equal to the 

a. length ot one side. 

b. distance acr oss the flats 

c. diameter of a circle passing through its six corners. 

d. diameter of a circle tangent to its six sides. 
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(405) Milling a square or hexagon on work held by a vertically positioned index head means 
that the work will feed 



a. vertically as the cutter performs climb milling. 

b. horizontally as the cutter performs up milling 

c. vertically as the cutter performs up milling. 

d. horizontally as the cutter i)crforms climb milling. 

37. (405) If possible, the end mill to use in milling flats on work held between centers should have 

a. two cutting edges per 1/2 mch of work diameter. 

b. two cutting edges in contact with work at all times. 

c. a diameter equal to th^ length of the flat. 

d. a diameter slightly greater than the flat length. 

38. (405) In cutting a square or hexagon, accuracy should be checked for the first time after the 

a. first roughing cut. c. second roughing cut. 

b. first finishing cut. d. fourth fmishing cut. 

39. (405) You have to mill two flats in one plane on opposite ends of a workpiece, and have 
already scribed the horizontal lines on each end. After inserting the work into the chuck, these 
lines are alined with the previously set surface gage point by 

a. mserting shimstock under the index head. 
* . rotating the work inside the chuck. 

c. raising or lowering the knee. 

d. rotating the index id spindle. 

40. (406) The primary reason that the work and slotting attachment should be positioned 
vertically is to allow the 

a. coolant to drain off tne work better. 

b. cutting action to be observed more easily. 

c. chips o keep clear of the work. 

d. work o be removed and replaced easily. 

41. (406) Tne slitting saw you would use ir saw thin material should n? 

a. coarse teeth. c. fne teeth. 

b. staggered teeth. d. inserted teeth. 

42. (406) In milling an external keyseat, the distance the work is moved to ;:ii»ie it under the 
cutter is equal to the 

a. work diameter plus one-half cutter width. 

b. radius ot the work plus cutter width. 

c. work diameter plus cutter width. 

d. radius of the work plus one-half cutter width. 
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43. (406^ The width of a keyseat should be checked 

a. after th-^ first roughing cut. 

b. by inserting the key that is to be used. 

c. after the finish cut. 

d. by nicking the end of the work with the cutter. 

44. (406) A Woodruff key can best be described as 

a. an oval piece of metal. c. an oblong piece of metal. 

b. a half-disc of metal. d. a square piece of metal. 

45. (406) Cutting a Woodruff keyseat differs primarily from cutting other types of keyseats m the 

a. speeds and feeds used. c. use of hand-feed for entire depth of cut. 

b. manner of holding the work. d. rotation of cutter. 

46. (406) The width of a convex cutter used to cut flutes in a tap is equal to 

a. one-sixth of the tap diameter. c. one-third of the tap diameter. 

b. onenquarter of the tap '^imeter. d. one-half of the tap diameter. 

47. (406) The depth of a flute in a tap is equal to 

a. one-sixth of the tap diameter. c. one-third of the tap diameter. 

b. onenquarte* of the tap diameter. d. one^half of the tap diameter. 

48. (406) In milling tan flutes, you should use 

a. up milling, with the thrust toward the index head 

b. down milling, with the thrust tcward the index head. 

c. up milbng, with the ti..ust toward the tailstock. 

d. down milling, with the thrust toward the tailstock. 

49. (406) Straight reamer flutes are unequally spaced in o'-der to 

a. provide more teeth. c. simplify indexing. 

b. help reduce chatter. strengthen the teeth. 

50 (406) The approximate depth of a reamer Pute is determined by the 

a. length of the flute. c. djameter of the reamer. 

b. number of flutes. d. rake of the teeth. 

51. (406) The cutting tool that can be used to cut flutes in taps and reamers, as well as keyways 
in shafts, is 

a. an arbor cuaer. c. a fly cutter. 

b. a fluting cutter. d. a keyway cutter. 
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52. (407) The iriain advantage of drilling and reaming on a millmg machine is that the drills and 
ream.rs can be 



a. used horizontally and vertically. 

b. accurately located in relation to the work. 

c. held securely wUh a more positive drive. 

d. fed b) hand or power feed. 

53. (407) You want to use a 1/4-mch diameter end mill in the vertical position on a horizontal 
spindle milluig machine. The best attachment to use would be a 

a. vertical spindle attachment. c. hig. speed universal spmdle attachment. 

b. universal spindle attachment. d. circular milling attachment. 

54. (408) In calculating the dL-nensions used to manufacture a spur gear, the most important one 
IS the 

a. gearing ratio. c. outside diameter. 

b. circular pitch. d. pitch circle. 

55. (408) III order to select the proper cutter for a spur gear, you have to know the gear's 

a. pitch diameter and number of teeth. c. outside diameter and diametral pitch. 

b. number of teeth and diametral pitch. d. pitch circle and circular pitch. 

56. (408^ The reference point for taking gear teeth measurements is located at the area 

a. midv/oy between highest and lowest runout. 

b. of minimum runout. 

c. of maxin.am runout. 

d originally closest to the cutter. 

Chapter 3 

57. (409) The abrasive that should be used to sharpen high-speed steel tools for use in a lathe is 

a. aluminum c.rbide. c. aluminum oxide. 

b. silicon carbide d. sU^con oxide. 

58. (409) If the amount of bond is increased, the grinding wheel v^dll 

a. become harder. c. become softer. 

b. not be affected. d. absorb less coolant. 

59. (409) When the contact area between a grinding wh^el and the work is small and you don't 
want the wheel to wear too rapidly, you should use a 

a. fine-grain, widely spaced, medium hard wheel. 

b. medium-grain, closely spaced, hard wheel. 

c. fine-grain, closely spaced, medium hard wheel. 

d. medium-grain, medium spaced, medium hard wheel. 
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60. (409) The grade of a grinding wheel is indicated by 

a. letters, with A the softest and Z the hardest. 

b. numbers, with 10 the softest and 600 the hardest 

c. letters, with A the hardest and Z the softest. 

d. a word-soft, medium, or hard, 

61. (409) In flange mounting a grinding wheel, the flange diameter should be approximately 

a. one-quaiter the wheel diameter. c. half the wheel diameter. 

b. one-third the wheel diameter. d. three-quarters the wheel diameter. 

62. (409) The screws used to hold the flange of a collet-type wheel holder should be tightened 

a. consecutively around the rim, one by one. 

b. consecutively around the rin, but every other one. 

c. as tightly as possible, 

d. indirectly in opposite pairs. 

63. (409) A grmding wheel is dressed for all of the following reasons except to 

a. improve the wheel's cutting action. c. balance the whet!. 

b. clean out the clogged pores. d. alter the wheel's cuttmg characteiistics. 

64. (409) To prevent chatter and gouging while using a diamond dresser, it: mint should be 
positioned 

a. SO"" to the wheel's plane and slanted 3° to 15° in the direction of rotation. 

b. 30"" to the wheel's axis and slanted 3"* to 15° in the direct on of rc Mon. 

c. 45"" to the wheel's plane and slanted 13° to 15° to the wheei s axis. 

d. 60'' to the wheti's axis and not slanted at all. 

65. (409) In order to increase the surface foot speed on a machine with a fixed spindle rpm, you 
will have to 

a. select a wider faced wheel. c. select a narrower faced wheel. 

b. decrease the wheel diameter. d. increase the wheel diameter. 

6>. (410) Surfaces of heat treated workpieces that are to be finished aK rough ground in order to 

a. relieve internal stresses. c. maintain parallelism. 

b. remove heat treatment scale. d. eliminate shimming the work. 

67, (410) Depths of cut for finish grinding should not exceed 

a. .0002 inch. c. .002 inch. 

b. .0005 inch. d. .005 inch. 
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(411) The maximum sv^ivel range of the universal tool an^i cutter grinder swivel table is 



a. 45^ c. 90". 

b. 60^ d. 135^ 

69. (411) A cylindrical grinder footstock differs from a lathe footstock primarily because it has 

a. provisions to maintain constant spring pressure on the center, 

d. a different way of clamping to the table. 

c. no method of lateral adjustment of the center. 

d. a different angle on the point of the center. 



70. (411) In order to provide a shear type of cutting action in cylindrical grinding, the direction 
of tlie wheel and the work travel should be 

a. opposite each other at th^ area of contact. 

b. at the same revolutions per minute. 

c. in the same direction at the area of contact. 

d. at different revolutions per minute. 

71. (411) Clearance ;:an be ground onto the teeth of a reamer by cylindrically grinduig it in such 
a manner that the 

a. cutting edge strikes the wheel first. 

b. wheel never travels completely off the tool. 

c. fust quarter of the tooth length is tapered 

d. tooth heel strikes the wheel first. 



72. (411) Grinding a true conical taper requires the grinding wheel axis to be 

a. above the work axis. c. at the same height as the work axis. 

b. below the work axis. d. at an angle to the work axis. 

73. (4)1) One difference between picking up the cut on a conical taper and a straight cylindrical 
surface is that the 

a. work speed is slower. c. wheel speed is slower. 

b. table traverse is in motion. d. footstock end of the work is picked up first. 

74. (411) A groove or undercut can be ground in hardened steel by 

a. face grinding. c. angular wheel grinding. 

b. cylindrical grinding. d. plunge grinding. 

75. (411) Universal >1 and cutter grinders differ from plain tool and cutter grinders primarily 
because they have 

a. more acces^ries. c. power wheelhead elevation. 

b. greater table swivel capability. d. a greater range of spindle speeds. 
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76. (411) You have a job requiring the grinding of a compound angle and the only machine 
available is a tool and cutter grinder. The angles could be ground by using a 

a. radial grii^dlng attachment. c. tool post grinder. 

b. surface grinding attachment. d. set of angled parallels. 

77. (412) The biggest disadvantage of sharpening a milling cutter by using the Vi el rotation to 
hold the cutter teeth against the tool rest is the 

a. raising of a burr on the cutting edge. 

b. possible tooth damage if the cutter should turn. 

c. drawing out of the cutting edge temper. 

d. greater breakdown of the grinding wheel. 

78. (412) The main reason that formed cuaers are sharpened with a radial rake is o 

a. reduce chatter. c. avoid overheating the cutting ed^e. 

b. simplify the setup of the grinder. d. retain the shape of the teeth. 

Chapter 4 

79. (413) The types of fits with the strongest holding power are the 

a. expanding and shrink fits. c. drive and force fits. 

b. drive and shrink fits. d. expanding and force fits. 

80. (413) Producing a high luster on a work pier^. with soft abrasives is known as 

a. smooth buffing. c. color buffing. 

b. cut-down buffing. d. corrosion buffing. 

81. (414) The best type of pin to use on parts that have to maintain accurate alinement after 
being repeatedly taken apart for cleaning is the 

a. taper pin. c. flathead pin. 

b. straight pin. d. spring pin. 

82. (414) The best type of pin to use on parts subject to vibration, and which is self-securing, is 
the 

a. taper nm. c. Oathead pin. 

b. straight pin. d. spring pin. 

83. (414) The type of antifiictinn bearing most commonly used tc resist very high end thrust is 
ttie 

a. needle bearings. c. baW bearings. 

b. tapered roller bearings. d. plain bearings. 
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(414) The main difference between a jig and a fixture is that the 

a. jig guides the cutting tool. c. fixture is used primarily on the drill press. 

b. fixture guides the cutting tool. d. jigs hold work while fixtures do not. 

(414) Receiving gages differ from ring gages in that they are used primarily to check 

a. circular parts. c. diameters of shafts. 

b. noncircular parts. d. depths of holes. 

(414) In order to determine if an assembly error has been made, the method of inspection 
that should be used is the 

a. fluorescent penetrant method. c. radiography method. 

b. eddy current method. d. ultrasonic method. 

(415) The most important fact to remember in removing any damaged threaded fastener is 

a. not to damage the parent part. c. to find out why it got damaged. 

b. to remove it in one piece. d. to eplace it with a stronger fastener. 

(415) The least preferred method of stud removal is 

a. welding a nut on the stud. c. drilling. 

b. trepanning. d. using a punch and hammer. 

(415) When a stud that is threaded into a Heli-coil insert is subjected to high stresses, any 
damage that may occur will be to the threads of the 

a. stud that mates with the Heli-coil. c. Heli-coil that mates with the parent part. 

b. Heli-coil that mates with the stud. d parent part that mates with the Heli-coil. 

Chapter 5 

(416) A new milling machine vibrates at high speeds. The most probable cause is 

a. a bent spindle. c. an excessive amount of backlash. 

b. a floor that hasn't been reinforced. d. a floor that is too hard. 

(416) The best way to hoist a machine that has no lifting lugs is by using a sling made of 

a wire rope. c. fiber rope, 

b. chain. d. leather. 

(416) In leveling a machine, the best type of level to use is a 

a. combination square level. c. carpenter's level. 

b. masonry level. d. precision level. 
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93. (416) The machine tool part that would most probably seize if the lubricant were too heavy 
would be the spindle bearings on 

a. a toolroom lathe. c. an all-angle mtUing machine. 

b. a precision grinder. d. a radial drill press. 

94. (416) A repair action that would not be considered as operator maintenance is the 

a. resurfacing of dannaged lathe ways. c. adjustment of gibs. 

b. replacement of a drive belt. d. removal of feed screw backlash. 

95. (417) The machine tool whose bearings are the most critical is the 

a- lathe. c. drUl press, 

b. nulling machine. d. grinder. 
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(417) The best type of belt to use in turning a grinding machine spindle is a 

a. laced joint type. c. cemented lap type. 

b. leather b^lt. d. hooked joint type. 

97. (417) A newly sharpened milling cutter develops chatter. After determining that the speeds, 
feeds, and work setup are correct, the probable cause is that the 

a. drive belt tension is too high. c. antifriction bearings nc ' lubrication. 

b. clutch needs adjustment. d. gibs are worn or loose. 

98. (417) The gears on hthe and millmg machines that often require adjusting are 

a. end and change gears. c. spindle transmission gears. 

b. drive-sp!iidle and feed gears. d. drive^spindle and index head gears. 
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General Machine Shop Information 



Or 



FNE OF the great needs of the Air Force today 
is for well-trained technicians. Opportunities 
are almost unlimited for workmen who are skillful 
with their hands and who are trained to think about 
their work, to diagnose troubles, and to suggest 
improvements. And, of course, no one can hope for 
success in any line of work unless he is willing lo 
study and improve his skills. 

2. Most of the skilled machinists and machine 
shop technicians in the Air Force are the products of 
Air Force apprentice training programs. This is 
your opportunity to lay the groundwork to become 
a highly qualified craftsman and to get started on a 
fine career The rewards for the skilled machinist 
can be very gratifying, both in advancement and in 
pride of workmanship. 

3. This volume is designed to give you the 
background information you need to know to get 
started in machine shop worK. It covers general 
machine shop information, metals and heat 
treatment, preparatory shop work, and 
introductory machine and bench work. 

1. The Aircraft Systems Maintenance Cbt^bt 
Field 

1-1 Lvcryone m the Air Force, regardless of his 
rank or grade, has a job to do. You are probably 
wondering what you will be doing throughout the 
remamder ol your enlistment. It is only natural that 
you are concerned about what the future holds for 
you in your career field. The Air Force has a great 
need for skilled airmen in hundreds of different 
jobs Your job assignment depends upon Air Force 
needs and on your abihty to learn and do certain 
kinds of work 

1-2 Air Force Career Field System. The Air 
} orce has a system for grouping related jobs into 
common work areas or career fields. Each job 
grouping or career eld requires the same general 
qualificalion? and the same port of ability to learn 
and perform related jobs. The Airman 
Classification Structure Chart 39-' is Air Force 
visual rjd chart (AFVA) which shows all career 
fields and their number designations. This chart 
aiso shows the skill levels and the equivalent grade 
spread for each job specialty. You can usually find 
this chart posted m the shop area where you work 



The Aircraft Systems Maintenance Career Field is 
divided into three subdivisions: Aircraft Accessory 
Systems; Aircraft Propulsion; and Fabrication. As 
a result of your background and the job 
classification interviews and the tests which you 
took in basic training, you were assigned to the 
fabrication career field subdivision. 

U3. The fabrication career field subdivision 
includes fabricating, shaping, cutting, and joining 
metals and repairing metal parts; aircraft structural 
repair; and meta! heat tre.'iting, welding, plating, 
and machining. The installation, modification, and 
formation of plastic articles are also a part of this 
career field. It also includes corrosion control for 
missile, aircraft, and support systems and the 
maintenance and repair of fabnc and rubber 
equipment such as parachutes, life preservci^, 
radiation barriers, and protective clothing The 
fabrication career field subdivision is divided into 
six ladders: Machinist, Corrosion Control, 
Nondestructive Inspection, Fabrication and 
Parachute, Mexals Processing, and Airframe 
Repair. Each career ladder is divided into job 
specialties; for example, the machine shop ladder is 
divided into technician and nfiachinist specialties. 
The apprentice machinist is a part of the machmist 
specialty. 

M. Air Force Specialty. An Air Force specialty 
(AFS) is identified by title and code. A fivc-digit 
code number is usftd to make up an Aii Force 
Specialty Code (AFSC) which identifies an AFS 
The first two digits identify the career field. The 
third digit identifies the career field subdivision. The 
fourth digit shows the skill level. The fifth digit 
Identifies the career ladder within the career field 
subdivision. All together, the five digits identify the 
specific AFS. Since you are in training to become an 
apprentice machinist, let's show the breakdown of 
the apprentice machinist AFSC 42730. The 
breakdown of this AFSC is as follows: 
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1-5. Study the fabrication career subdivision 
chart shown in chart 1 . Start at the bottom of the 

• chart. You will note that, as a basic airman, you had 
the AFSC 99000. This was your AFSC during basic 
training because you had not yet been assigned to a 
career field. Upon completion of basic training, you 
were assigned to the fabrication career field 
subdivision as a machine shop helper and awarded 
the AFSC 42710. This AFSC meant that you were 
4 qualified to enter into training in the machinist 
ladder in cither of two ways. You could have 
received your training by taking the basic machinist 
V course conducted by the Army at Aberdeen Proving 
Grounds, Maryland. However, you were given a 
direct duty assignment of AFSC 42710 and you 
entered on-the-job t.-aining to become an apprentice 
machinist. 

1-6. When you have satisfactorily completed 
your training you will be awarded the primary 
AFSC 42730, apprentice machinist. Your primary 
AFSC is the specialty in which you are most highly 
qualified. Your duty AFSC is the AFSC to which 
you are assigned. During training your duty AFSC 
is normally one skill level higher than your primary 
AFSC. For example, your primary AFSC is 42710; 
but since you are in training, your duty AFSC is 
42730. By studying the chart, you will note that 
there are five skill levels in each ladder of the 
fabrication career field subdivision. You will also 
note in the far left column of the chart, the grade 
spread for each skill level. The top level, or 

• fabrication superintendent AFSC ^^799, can be an 
input from any of the ladders. You progress up the 
ladder from one skill level to the next, usually, 
through on-the-job training. We will discuss this in 
the following section. 

1-7. AFM 39-1, Airmtn Ciassiflcation Manual. 

Air Force Manual 39-1 contains the authorized Air 
Force Specialties and Air Force Specialty Codes. 
These AFSs and AFSCs «:re used in the 
classification of airmen positions and personnel. 
AFSs provide job standards for procurement, 
training, education, utilization, and development of 
airmen. AFSCs give us a systematic means for 
identifying training and position requirements. 

1-8. Air Force Specialty descriptions are 
compo'j'^d of the following parts: 

a. Kvading. The heading consists of the specialty 
code, specialty title, and effective date. 

b. Summary. The summary is a conc'se 
statement of the content of the AFSC. 

* c. Duties and responsibilities. This part describes 

the scope of the job specialty in terms of duties and 
responsibilities. 

d Qualifications. This part gives the job 
qualification standards fot adequate performance 
in the AFS. Standards are either mandatory or 
desirable. They are stated in five parts: knowledge, 
education, experience, training, and other— such as 



ERLC 



physical requirements, security clearance, 
certification, etc. 

e. Specialty data. This part establishes the grade 
spread for the AFS. The grade spread is used for 
authorizing manning positions. This also designates 
jobs closely related to the AFS— for use in your 
initial selection or in your return to civilian life. 

/ Specialty shrcdouts. This part designates 
authorized shredouts to be used with the AFS and 
the letter suffix identifier for use with the AFSC. It 
also gives the portion of the specialty to which it is 
related. 

I 9. Specialty Descriptions (AFSC 
42730/50/70/99), Air Force specialty descriptions 
in AFM 39~l describe the duties and 
responsibilities of the job specialty. You should be 
especially interested intheduties of your AFSC and 
in those of other specialties in your career ladder. 
We will not attempt to cover all the duties and 
responsibilities of each AFSC in your career ladder. 
You can read the complete descriptions in AFM 
39-1. Therefore we wiD discuss only the major 
duties and responsibilities of each AFSC in your 
ladder. 

I - 10. Machinist (A FSC 42730/ 50). The specialty 
summary for a machinist states that he "operates, 
mctalworking machines in fabrication, rework, and 
repair of metal parts** You will note that this 
specialty description serves both AFSC 42730 and 
AFSC 42750, since both the 3- and 5-skilHevel 
machinist perform esi^ntially the same duties. The 
5-sk ill-level machinist has more knowledge of his 
work and is more skillful than is the 3-level 
machinist. Also, the 5-level machinist has some 
duties in advanced machine shop work and 
supervision and training that the 3-level machinist 
does not have. The major duties and responsibilities 
of the machinist are as follows: 

a. Manufactures and reworks machined parts. 

6. Assembles and fits and machines parts. 

c. Maintains hand and machine tools. 

d Supervises machine shop personnel. (At this 
time you are not concerned with this area of work. It 
will be discussed in CDC 53150.) 



1-1 1. Machine shop technician (AFSC 42770). 
The specialty summary of the machine shop 
technician states that he ""designs and machines 
precision tools, parts, and assemblies; inspects 
machine work; and supervises machine shop 
activities." The major duties and responsibilities of 
the machine shop technician are as follows: 

a. Troubleshoots difficult metal machining, 
design, and production problems. 

b. Inspects in-progress and completed machine 
work for quality of workmanship and serviceability . 

c. Instructs in metals machining techniques and 
in maintenance of machinery and equipment. 

5 
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1-12. Fabricauort supermtendem (A FSC 42799 ). 
The specialty summary of the fabrication 
superintendent states that he superintends activities 
engaged in testing, fabricating, repairing, and 
machining metals and metal products; repairing 
parachutes and rubberized survival equipment; 
corrosion control in missile, aircraft, and support 
system equipment; and nondestructive inspection 
of aerospace material parts, components, and 
pfcssufized systems. The major duties and 
responsibilities of the fabrication superintendent 
are as lollows: 

a. Plans and organi/cs fabrication activities 

h. Directs labricatiun activities 

c. Establishes and conducts on-the-job training 
for fabrication personnel. 

d Inspects and evaluates fabrication activities 

e. Performs technical fabrication activities. 

1-13. Coordinating with Other Shops. A field 
maintenance organization is made up of people 
working in various career fields. The machine shop 
and the other fabrication shops are usually housed 
in the same building or central area. This 
arrangement permits close coordination of work 
with other maintenance activities. Since a large part 
of all machine shop work is in support of other 
maintenance activities, the machine shop must 
coordinate its work with other maintenance shops. 
As an example, an engine mechanic may have a 
broken stud which you are required to remove. The 
hydraulic or instrument mechanic may need a 
special tool or a part which you are required to 
make Materials and supplies have to be obtained 
through the supply section Close coordination and 
cooperation between maintenance activities are 
needed if you are to get the job done 



2. On-the-Job Training 

2-1. What is on-the-job training (OJT), what is 
Its purpose, and how does it work? Since the 
Air Force has to train thousands of airmen in 
various career fields and AFSs. it is neither practical 
nor economical to send all airmen to formal training 
schools for their 3-skill-level AFSC. In many 
specialties the Air Force can benefit from the work 
the students do while they are learning. When they 
attend a formal training rchool. some productive 
maintenance work is lost while they are in training 
Both formal schooling and OJT have certain 
advantages, depending upon the type of job. 

2-2 Dual Channel Concept of OJT. The dual 
channel concept of 0J1 consists of two parts: career 



development and job proficiency development 7 he 
first part consists of studying a Career Development 
Course (CDC) By studying the CDC the trainee 
learns the information he needs if he is to do the 
various duties and tasks of his AFSC In the second 
part he develops his skill b> using equipment and by 
doing the jobs required in his AFSC Hedoesbotii 
parts at the same time He must satisfactorily 
complete both parts before he is to be upgraded to 
the AFSC for which he is tiainmg 

2-3. Career development (T)Cs are coi- 
respondence courses based upon (he spccii:lr\ 
job description m Al M 39 I and the related 
Specialty Training Standard (STS) ] hey include 
general Air Force subjects, speeialtv theor- , . r.u 
fundamentals and knowledge requirements rhc 
airman's career progression in the AFSC ot his 
assignment. The subject matter content ot CTK^s is 
prepared by Air Training Command TheCDCsare 
published and admmistered b\ the Extension 
Course Institute(ECI) lender the direction of the Air 
University. 

2-4. Job profmrncv develf)pnu'tu. Job 
Proficiency Guides (JPGs) are a means bv which 
airmen can attain proficiency by perlorming tasks 
of their specific assignment This traii .sui u>js the 
principle ol "learning bydoing/' unde: t icguidance 
ot a qualified pe/son A JPC} is used tr v -lopeach 
trainee's job proficiency and is requ.uu \)i training 
in hisiob The JPG identifies spccitic tasks or duties 
to be performed and Ihe degree of skill to be 
attained. The IP(i indicates a supervisor's 
acknowledgment ol a .Uident's satislactorv 
achievement ol required (asks and duties It also 
contains necessary study relerence materials. Sf Ss 
are readily adjusted fo. use as J PCs. When STSs are 
used they should be so identified. A separate 
continuation sheet is prepared, if required 
Supervisors must certify job proficiency as a 
prerequisite for upgrading actions 

2-5 Use of CDCs for I pgrade Training. APR 
50 23 makes it mandatory for you to enroll in this 
CDC for upgrade training in your AFSC Your 
supervisor will see that your training is conducted in 
accordance with regulations and that prop'^r 
procedures are followed. It is up to you to make the 
most of your training. No matter how good the 
training pro^^'am is. only you can do the learning 
and develop your skills. Only you can satisfactorily 
pass the course tests required for upgrading and 
only you can satisfactorily pass the Skill Knowledge 
Test fSKT) required for promotion, 

2-6, You will be continually enrolled in OJT 
throughout your career progression. As you sat- 
isfactorily complete your training in one AFSC of 
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/// Preface 1 1 Change "(TTOC)" to "/ n GOX " Change zip code 

p for Chanute to "61868.*' 

/// Preface 16 Change **Gunler AFB, AL 361 14" to **Gunter AFS 

AL 36118." 

2K 6 Change **clu*ces'* to "clutches/" 

7 Fig. 8 Change the legend as follows: 



A. Side Rake Angle 

B. Back Rake Angle 

C. Outside Diameter 

D. Finished Surface 

E. Center Line of Work 

F. Effective End Relief 

G. Wedge Angle 

H. Side Relief Angle 



25L 3-36/ 2 Change **friclition** to **lnction.** 

28R 4-14 5 Change **0 05** to **0.0005.** 

47R 4 Delete **shown m table 3.'* 

48R 8-30 last Change "took** to **tool.** 

721 9 Change **0.0005" to **0.000i;' 

7^ Bibliography, 1 Change **AFM 127 lOK Accident Prevention 

Dept AF Pub- Handbook' to *'AFR 127 101, Ground Accident 

lications Prevention Handbook."' 

7^ Resident Course Delete **Resident Course" and hstcd materials. 
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CHANGES FOR THE TEXT: VOLUME 3 
Pen-and-ink Changes: 



Cover 

tu 

XR 

Xk 

91 

iXl 

2XR 

34 R 

34R 

42R 

43 R 

49 

49 

49 



Paraf^raph / mvis) 

Preface 13 

1-28 7 

1- 28 15 

2- 4 4 
4-/ 25 

7-18 2 

7-19 last 
Fig. 85 

9-1 3 

Bibliography 

Bibliography, 1 
Depl AF Pub- 
lications 

Resident C ourse 



Under '^Apprentice Machinist" add "(AFSC 
42730)." 

Change 'X'nOCr to " riGOX 
Change "produed" to "produced " 
Change '*!s" to " 
C^hangc \n>nveMcnt" t > "con\cMiicni " 
Change "wtih" to '*with " 
Change "amoust" to "amount 
Change **sheer to **wheei." 
Change "is" to "in." 

Change "7 16" R" to "17 16" R'' and "1 , 2 ' R'Mo 
"Z'/:" R." 

Change "Fling" to "Filmg " 

L.'lete "liSAFI Courses" and listed malcnal 

Charigc "AFM 127 iOL iauient Pr. vcfUum 
Handbook'' to "AFR 127 lOK Ground Undent 
Prevention Handbook " 

Delete '^Resident f ourse" and listed material 
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CHANGES FOR THE TtXT: VOLUME 4 
Pen-and-ink Changes: 




/*<«<"-('<)/ 

Cover 

24R 

441 

591 

651 

73 

83L 
9()R 
93 R 
97 

97 



Paranraph 



9- 1 

10- 25. 
Example 

12-10 



l.mel'i) 
4 

8 fr bot 

2 

3 



Fig. 1 16 (chart 
above illustration) 

15- 9 9 

16- 17 17 

18-3 6 

Bibliography, I 
Dept AF Pub- 
lications 

Bibliography 



Currei lion 

Change "(AFSC 53150)" to **(AFSC 42730)/ 
Change "iVt" to "I 'A " 
Change **grant'' to *1arge.** 
Change **gnndng'' to "grind mg 



Change '*wpnng" to "spring' and 'expension" to 
"expansion." 

Change all "Clearance angle B (degrees)" entries 
from "30" to "3 to 5." 

Change "536X0" to "427X2 " 

Change "tank" to "tang." 

Change "ships" to "chips." 

Change "AFM 127-IOK Industrial Safea and 
Accident Prevention Handbooie' to "APR 
127-101, Ground Accident Prevention Handbook."" 

Delete "Resident Course" and listed materials. 
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